Date E ebro ary 4 (439 7 ; = A cmt Mw 


FACILITY Interne INVENTORY NO. {Od 2 9 1 
USAS/SITE CODE NO. 50015 S| OO 


(Check items below when completed) 


X executive summary 
(V/A copy of public notice 
A/A affidavit of public notice 


N/A draft permit , 

N/A responsiveness summary (or eo needed) 
X_ project tracking database updated and complete 
XX. consistent with current boilerplate 

spell checked 
X__ proofread 


2. Unit Manager 


(Check after each item has been reviewed for completeness, 
conciseness, clarity, logical approach, grammar, spelling) 


_L-éxecutive summary 
_~egulatory status 
_Tacility description, including description of discharges 
and-treatment train 
_tBADCT description 
ueMonitoring approach, constituents and reporting 
“database entries complete 


revisions made (or__not needed) 
2 final permit printed (2 copies) 
x, final executive summary printed (2 copies) 
project tracking database updated 
payment notification received 


4. Unit Manager 


Dens 2. TURCNrn€eR. 
(initial and date at final approval) 


5. Troy Day, Water Permits Acting Manager 


initial and date at final approval 


Comments: 


X_ final permit sent to facility 
copy of permit to Administrative Assistant 
copy of permit and executive summary to Compliance 
copies to distribution list 


it electronically archived (j:\app\permits\complete) 

permit electronically archived (j:\app\permits\complete 4 
project tracking database updated 3/ “a [' a1 
NET CYCLE TIME: 33 Days (asof 3/2 /99) 


j:\app\qpforms\approute.wb2 rev 10/14/98 


TRACKING RECORD ~277Ss— 


> 
Fine + OZ7/2_ We ee 1}: 
FacInitY name. Yer’ es LT ene 


aot pas A aca oi) emt 6-0035-01 


COUNTY.CODE gy., 8 PRELIM REV __—.—.:S§: )'.-—s WHO).-s«é]WID. PRELIM 


S- PRELIM GEV 9 WHO DID PRELIM CZ 
10 FACILITY TYPE eo i, a 
2/LTR OF INTENT fy LEX 13 oe ne Ode Fel 22¢/97 14 INFO REC DATE 7/2/87. 


NP UT 


O REQUE eee os fie een ed oma lyn es | 
16 INFO REQUESTED Sa ee eee ee ee ee ee 
17 PERMIT peat RES: co: ieee a PERMIT ae eee oe iy oe 
: rire @ FILE RE fiz 
cee og PERMIT. me _ Care —fFne ote. 
24 INTERNAL ENDS — 


SSS £3 2f 82- 
ZAMPNEENDS (0/2 7 REVISIONS lofas fe 
3 T aa 32 DATE Sten Za 


33 COMMENT 
24 COMMENT 


MEETING AGEND 


ADEQ-WPS-MU AND INTERNATIONAL URANIUM (USA) CORPORATION 
TUESDAY, NOVEMBER 10, 1998 


1:00-1:10 Introductions and Opening Comments 


1:10-1:30 Kanab North Mine 
/000 
IUC Status Update 6 7 


ADEQ APP Application 
General Discussion 


1-H MMOS D6 2 99 


IUC Status Update 
ADEQ Closure Requirements 


General Discussion 


1:50-2:10 Pinenut Mine 
\Co3ace 


IUC Status Update 
ADEQ APP Application Status 
General Discussion 


2:10 - 2:30 Canyon Mine 
[\Co333 
IUC Status Update 
ADEQ APP Application Status 
General Discussion 


2:30-3:00 Meeting Summary and Wrap Up 
Decisions 

Action Items 

Schedules 


ARIZONA DEPARTMENT OF ENVIRONMENTAL QUALITY . | 
WATER QUALITY DIVISION 


WATER PERMITS SECTION 
3033 North Central Avenue 
Phoenix, Arizona 85012 


FAX NUMBER (602) 207-4674 


IF YOU HAVE ANY PROBLEMS WITH RECEIVING THIS FAX 
PLEASE CALL: (602) 207-4675 


Visit ADEQ Online 


http:/Avww.adeq.state.az.us 


Contact information * Printable forms & reports * Program descriptions * 
Environmental links * Downloadable guidance documents 


ARIZONA DEPARTMENT OF ENVIRONMENTAL QUALITY - 
WATER QUALITY DIVISION 


WATER PERMITS SECTION 
3033 North Central Avenue 
Phoenix, Arizona 85012 


FAX NUMBER (602) 207-4674 


ey 


IF YOU HAVE ANY PROBLEMS WITH RECEIVING THIS FAX 
PLEASE CALL: (602) 207-4675 


Visit ADEQ Online 


http:/iwww.adeq.state.az.us 


Contact information * Printable forms & reports * Program descriptions * 
Environmental links * Downloadable guidance documents 
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I »0f Of Publication - 


STATE OF ARIZONA, 
~ County of Mohave 


weekly newspaper published on Wednesday and Friday of each and every week at. the town of 


Bullhead City, in said county. 


That said newspaper was printed and pub- 


lished as aforesaid on the following dates, 
to-wit: 


of which the annexed copy is a printed and true 
copy, was printed and inserted in each and 
every copy of said newspaper-printed and pub- 
soak the dates afore “and in the body of 
said gle spaper and not {yt 


- , Are 


Sandra K. Whitacre =~ MY COMMigsi9 
(My commission expires ws 


Public Notice No. 4-87AXGW : 

Energy Fuels Nuclear j 

Hermit Mine 

One Tabor Center 

Denver, Colorado 80202 , 

738, R 4 W, Section 17, W %, SW % 

Groundwater Quality Protection 

Permit No. G-0036-08 , 

The applicant, Energy Fuels Nuclear, . 
Inc., has proposed to operate the Hermit © 
Mine located approximately 21 miles 
south of Fredonia, Arizona in Mohave 
County. The facility will consist of mine ~ 
workings to a depth of approximately 
1,500 feet and a 23-acre surface opera- d 
tions area. The facility will be con- 
structed as a zero discharge facility 
except for a septic system for disposal of 
typical domestic wastes. All water 
pumped from the underground and all 
runoff from the surface facility shall be 
directed to a line surface impoundment 
and storm water will be diverted around 
the facility. All water containment and 
diversion structures shall be designed, 
constructed and maintained to control 
waters from no less than a 100-year, 
24-hour precipitation event. 


Public Notice No. 95-87AZGW 

Energy Fuels Nuclear 

Pinenut Mine 
‘One Tabor Center 

Denver, Colorado 80202 

T 36 N, R4W, Section 21 NW %4, SW % 

Groundwater Quality Protection 

Permit No. G-0036-08 

The applicant, Energy Fuels Nuclear, 
Inc., has proposed to operate the Pinenut 
Mine located approximately 51 miles 
south f Fredonia, Arizona in Mohave 
County. The facility will consist of mine 
workings to a depth of approximately 
1,500 feet and a 15-acre surface opera- 
tions area. The facility will be con- 
structed as a zero discharge facility 
except for a septic system for disposal of 
typical domestic wastes. All waters 
pumped from the underground and all 
runoff from the surface facility shall be 
directed to a lined surface impoundment 
and storm water will be diverted around 
the facility. All water containment and 
diversion structures shall be designed, 
constructed and maintained to control 
waters from no less than a 100-year, 
24-hour precipitation event. 

The permit (application)(Notice of 
Disposal) is available for public review 
Monday through Friday, 8:00 a.m. to 5:00 
p.m. at Arizona Department of 
Environmental Quality, Permits Unit, 
2005 North Central Avenue, Phoenix, 
Arizona 85004. 

Persons may submit comments or 
request a public hearing on the proposed 
action, in writing, to ADEQ at the above 
address within thirty (30) days from the 
date of this notice. Public hearing 
request must include the reason for such 
request. 

Publish September 16, 1987w 


»y 


ARIZONA DEPARTMENT OF ENVIRONMENTAL QUALITY 
P.O. Box 488, Phoenix, Arizona 85001-0488, Phone (602) 257-2310 (800) 234-5677, ext. 2310 


Annual Registration Fee Invoice 
Aquifier Protection Permit, Groundwater Quality Protection Permit or Notice of Disposal 
To: Energy Fuels~Hermit Mine Please return to: 
0. Box 36 Arizona Department of Environmental ee () 
F redonia, AZ  86Ze Accounts Receivable NV 
P.O. Box 488 ve 
L Phoenix, AZ 85001-0488 
ECCWV/EM neon rad 
RECE VEL DEC | 6 199) 


ID Number: 1i9@299 


Period: @1/@1/91 — 1ia@/3i/91 Payment Due Date: 12/14/91 1 
Instructions for completing this form are on the back. Check the box that represents your facility category, albtcrrninal 
ae enter the daily discharge/influent of pollutants, and enter the respective registration fee: | 
Discharge/Influent Registration 
Facility Category (gallons per day) Fee 

bal Injection Well 

LJ Land Treatment Facility 

[_] Dry Well 

LJ Septic Tank with capacity of more than 2,000 gal/day is eens 

ae Facilities which discharge in navigable water 

Surface Impoundment loss Thay /ooe p Lala O 

CJ Facility which adds a pollutant to a salt dome formation, 


underground cave or mine 
Bil Mine Tailings Pile or Pound 
aa Mine Leaching Operation 
CJ Sewage or Sludge Pond 
EN Wastewater Treatment Facility 
be Discharge less than 2,000 gal/day 
[_] Not Subject to ARS § 49-242 


Amount Enclosed 


I hereby certify that the above information is true and i). to the best-of my knowledge: 


Sa wth LY. A US ging 


Check your address as printed above, and provide corrections if necessary: 


Signature: 


| 


Retain the pink copy for your records. Return the completed signed original and the yellow copy of the form 
with your remittance payable to the Arizona Department of Envigggmentl Quality. 


— ——= 


— i »—— 


ARIZONA DE ~RTMENT OF ENVIRONME?®"TAL QUALITY 
- AQUIFER PROTECTION PERMI. 

=> <™~. " PROCESSING FEE INVOICE 

a igh % , Y an il , 


Pursuant to A.R.S. § 49-113, effective July 1, 1996, "The director shall collect interest on 


the unpaid amount of every payment, fee, self reported fee, tax, assessment, cost and ; ca é ; 

penalty authorized by this title ... from the date required for payment until the full amount If you have any questions about this invoice, call 

is paid. If nonpayment is due to wilful neglect, the director shall also collect an additional Craig DeWalt at (602) 207-4789 

five per cent penalty of up to twenty-five per cent of the amount due for each month or 

fraction of a month the amount is past due.” or toll-free within Arizona at (800) 234-5677, extension 4789 


Inventory Number: 100299 Invoice Number: 51597 | 
To: International Uranium USA Corp 
2555 N Highway 89A Period Covered: 09/21/1998 - 02/05/1999 


HC 64 Box 153 
Fredonia, AZ 86022 Due Date: March 11, 1999 
Total Amount DUE. a. sks we dees an 


WbeadacE Naat basonebadecdaloadill 
LTF-Id #: 10606 Amount Raid, cco ciacsesecarc wc cowie wi a 


+ Keep the top portion for your records. ft 


4 This entire bottom portion must be returned to ADEQ. 4 


Page lof 1 Aquifer Protection Permit Invoice # 51597 


International Uranium USA Corp Hermit Mine |taventory Number: 100299 APP 
2555 N Highway 89A 
HC 64 Box 153 Period Covered: 09/21/1998 - 02/05/1999 


Fredonia, AZ 86022 , |Due Date: 03/11/1999 
LTF-Id #: 10606 


Hours X Rate = Total 

Aquifer Protection Permit 

Time incurred prior to receipt of application for permit or approval ................ 12.50 49.0000 612.50 

Technical completeness TeVieW s,s 5 ise cea waa dace Ra ew dea Ee Ke RE DRS RS DEG 18.50 49.0000 906.50 
Aquifer Proteciton Permit Clean Closure 

Administrative completeness review... . 2.2... 2.0... eee eee ee eee ee eee 10.50 49.0000 514.50 

Technical completeness fevieW oss pes es ie dG BSD Swe EH ERE RS SEES ERE ES ws 1.00 49.0000 49.00 

Drafting of permit/approval/modification/extension ...........-..- 20-0. e eee 18.50 49.0000 906.50 
AMOUNT DUES ga s%.e2 a2 oes wee ee Hes Ede DES THOSE EES SS Ai dws Owe eR ew Ewe a sa 4 $ 2,989.00 
Plus. Pard Interest Charges and/or ‘Other Adjustments. .s.. 65 pee dhe peewee eRe SE Ss RHR EE we SKS RES $ 0.00 
Plus Unpaid Interest Charges as of 02/09/99 (accruing at the rateof $0.0000 perday)............... $ 0.00 
Minus Payments Received ‘and/or'Other Adjustments. .5:2.s4se i. cece eeemee encase caereei war $ 3,000.00 
Total Balance Due (Please make check payable to State of Arizona)... ........ 2.2.0... eee eee eee $ -11.00 
Aimount received! Dy SAD BO < soi.s, skis soy sct 6. ice aco, phe SP le AY SES SE) gL he So dee EAD, © ety Myvi Se. Way Xie wt Patt edd hee a Ate, Balle $ 


Do not write below this line 


Check Number: 
Postmarked: 500159-00 


CJB 02/09/1999 
1B205Post 


A $12 fee will be charged for any check not honored by the bank. 


Make your check or money order payable to State of Arizona 
THIS FORM MUST ACCOMPANY YOUR REMITTANCE. 


Mail to: Arizona Department of Environmental Quality 
P.O. Box 618 


Phoenix, AZ 85001-0618 
ntered: 


Date:, : 
1 \ Inventory # JOO2990 
Landfill #:_ 
Account#: 


Facility/Project Address: 
(Line 2) 
(Line 3) 
Billing Name: Internotional Drawn COSA cpora dio 
Billing Address: ‘ ANS 
(Line 2) Lo OX 
(Line 3) On rizen ols 
Contact Person Donn M, 2, (\wore Telephone. 0) 643-732) Ext Fax. (S20 \o3,-73aB 
eee 
Application/Initial Fee: Date Rec’d —rafa4l98 check 2} Amount: $ JOOO,0O 
(ALWAYS attach a copy of the CHECK or RECEIPT) i s 
ATC-PR, APP_X __ WCLPL____ SWA____ PPA____ HWP_____ 
ATC-SA WPC____ WCI-FIL____ SWE____ VOL_____ HWM___ 
AOC-SA WPR_____ WCI-RP____ SWP____ WQE___ HWC____ 
AOC-DR WRP_____ 


ADEQ Personnel with Billable Hours who worked on this Site: CNY - 
co Period Covered: From:_9/at/9® Through: Haslag a s/9q 


Name: Ext: Name: Ext: 
Name: Moy Das Ext: 4S92 Name: Ext: 
— Ext: 4789 _ Date: 
Ext: 4663 


I - Native American Owned Entities F - Federal Government S - Satate Government C - County Government 
M - Municipal (City) Government D - Districts O - Other 
For Cost Recovery Use Only: 


Hours Activity Sub-Activity 
Code Code 
Processing Cost Breakdown Attached: 
Final Adminstrative Processing 
@f,O cr. cb. 
Total Hourly Rates H4,00 X Hours: S@rOQ = § #2989, 00 


Date a/sl9 ] ca ay hl } 


Project Officer Signature 


Unit Manager 


OK to Bill? Yes__ No 2 s Ok to Refund? Yes —~ No Ws | 
ff ‘ . 
Signature:_ | #<ezeece<_ L744 Ext: Zae G 3s Date: : | 4 


Program Name: AY e os ‘ . Date: ah [99 


ite Code Inventory #:_/0O 299 
Site Code Verified in USAS: Landfill #:_ 
Construction File Number: Account#: 


Facility/Project Address: 


(Line 2) 

(Line 3) ‘ 
Billing Name: Internotional Uranrom COSA) Coc porate 
Billing Address: Vo budo 

(Line 2) CG OX | 

(Line 3) ONY rizon C22 


Contact Person Donn M. Pi\\more. _ Telephone 0) 643-7321 Ext Fax_(520)643-73aR 


Application/Initial Fee: Date Rec’d __/®/24 [ 48 Check# 22 \ Amount: $ 3000.00 


(ALWAYS attach a copy of the CHECK or RECEIPT) 


ATC-PR APP_X WCI-PI SWA___ PPA HWP____ 
ATC-SA WPC WCI-FI SWE VOL. HWM 
AOC-SA i WPR. WCI-RP. SWP. WQE HWC 
AOC-DR. WRP. 
ADEQ Personnel with Billable Hours who worked on this Site: cv: * 

= Period Covered:  From:_9/‘&t | 48 Through: Has lag 2/3 /99 
Name: Ext: Name: Ext: 
Name: Soy Das Ext: YS9Q Name: Ext: 
Project Officer: _Crat DeWalt Ext: 4789 Date: 


Ext: 4663 


Unit Manager: 


costa be oily rr res - , 
~~) ( ( . o< 

PLEASE C E (0) THE CORRECT BUSINESS TYPE: , 

I. - Native American Owned Entities F - Federal Government S - Satate Government C - County Government 


M - Municipal (City) Government D - Districts O - Other 


For Cost Recovery Use Only: 


Hours Activity Sub-Activity 
Code Code 
Processing Cost Breakdown Attached: 


Final Adminstrative Processing 


“.O cd: 


FeO = se242,.00 42.929, 50. 


Date a/sl9 14 


Total Hourly Rates H4,.00 X Hours: 


Project Officer Signature 


Unit Manager 


OK to Bill? Yes_ No Ok to Refund? Yes No (s ' 
Signature: Ext: Date: | : a q 


fH TOTHE. 
4 ‘ORDER OF 


‘Arizona Department of Envizonmental Quality 


SO a eer Oe on Reeter eRe elh, 


DOLLARS Ass. 


DE: 


ee eS RRS NS TOT RAT ESR SOT 


INTERNATIONAL 
URANIUM (USA) Se 
CORPORATION 


IU 


Donn M. Pillmore 


H.C. 64 
Box 153 
2555 No. Highway 89A 520 643 7321 (phone) 
Fredonia, AZ 86022 : 520 643 7328 (fax) 


Tiawenatnaenneamsmaee mee rien es: 


am nitiok Fee ae C Neon tence “oe ; 7 a : 
ee a Hee mi + Mine a, 
Tnvertory No. . loo aq . 


ire, Op No ° S00 15900 


=> 
02/04/99 
15:11:45 


EMPLOYEE 
NAME 


DAS, JAYANTA 
COUNT PPE DATE 


DEWALT, CRAIG 


<PF1> HELP 
<PF5> NO TOTALS 
<PF9> GRAPH 


SITE 50015900 


LABOR HOURS 


<PF10> SEND 


09/21/98 TO 01/29/99 


<PF11> LEFT 


PPE DATE INDEX PCA ACT 
1104 EX 19981120 82700 47101 8061 
al 
0724 NE 19981023 82400 47101 8061 
19981106 82400 47101 8061 
19981120 82400 47104 8061 
19981204 82400 47104 8064 
19981218 82400 47101 8064 
19990101 82400 47101 8064 
19990115 82400 47101 8064 
MORE wei 
<PF2> RETURN <PF3> TOTALS ONLY 
<PF6> STATS <PF7> BACKWARD 


_ PAGE 1 

DETAIL 
SUB 
ACT HOURS 
8111 0000300 
8111 0000400 
8111 0000350 
8111 0000200 
8113 0000250 
8113 0000050 
8112 0001050 
8113 0001550 
<PF4> DETAIL 
<PF8> FORWARD 


<PF12> RIGHT 


WN 306! gney 
3.0 Q 13 Z1le 
4. O° aS 
3:9 'S 
Q:O Rete, 
ae 


=> 


02/04/99 SITE 50015900 


15:11:45 LABOR HOURS 09/21/98 TO 01/29/99 
EMPLOYEE . 
NAME PPE DATE INDEX PCA ACT 
DEWALT, CRAIG 0724 NE 19990115 82400 47101 8064 


19990129 82400 47101 8064 
19990129 82400 47101 8064 


COUNT PPE DATE 10 

COUNT PPE DATE 17. 
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| certify that the hours recorded represent, to the best of my knowledge, an accurate record ofthe’: - Employee's Signature 
time that | have devoted to the identified programs/activities per state and federal policies and procedures. 


GAO PM-SOSA (REV.9-17-92) TIMESHEET PROFILE (COMPUTER PRINTED) 
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| certify that the hours recorded represent, to the best of my knowledge, an accurate record of the Employee's Signature els Ja K> s/e [99 


time that | have devoted to the identified programs/activities per state and federal policies and procedures. 
Supervisor's Signature 


GAO PM-SOSA (REV.9-17-92) TIMESHEET PROFILE (COMPUTER PRINTED) 
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ARIZONA DEPARTMENT OF ENVIRONMENTAL QuiaLIT¥ 
License Application Information Cover Forms 39-98 4Q8:41 OUT 


This form provides basic information needed to expedite the processing of applications for a'license subject to A-R.S. 41-1072.* After >| 
completing this form, please send it along with all other necessary application components, including the minimum filing fee if required, to: 


License Application Receiving * for information or assistance in completing this form, including 
Arizona Department of Environmental Quality determining when this form may be sent to one of the ADEQ © 
Mail Stop XXXX nN regional offices, please call: License Application Receiving: 
3033 N. Central Ave. 12-29-98 P03..20 St 602/207-XXXX or e-mail: xxxx@ev.state.az.us 


Phoenix, AZ 85012-2801 a j 
<<<SEE INSTRUCTIONS ON REVERSE. SIDE>>> 


Street address: e, 4 © (53 2895 No. ee Nveres A ‘. 
City: Eredonia State: AZ Zip code (+4): BL022 e 
Faxaumbe | (520)643~-7328 


oTPo TANVOW 


Traternational Oranvom COSA 
t Ener Fuels Nuclear 


Foemer| 


1OSO Seventeenth at 
pcode(+4): BORCGSH - i hn 


Zip code (+4): 


: - 

| Latitude: N 34° . degrees Al" minutes as ‘ seconds 
. 4 ro) , : ; 

| Longitude: LUA degrees 45 minutes ew seconds 


Nearest town: E cedonia 


Driving directions: Q\ row \es south of Fredonia, 


Township: 38 N Range: uf W Section: _| SS: Qr 1: \W Ya Qr2: SW V4 Qu 3: 


Contact Name:( co Diwealt Location: 42S SOo1s % FOOD 
see? Bait areal Cpt OAS 


Other ADEQ Idenifiers: [yyy FO /L0209 
PAGE: 1 


LICENSE APPLICATION INFORMATION COVER FORM: VERSION 1.1 (11/12/98) Q 


Pon 
SA 


3033 North Central Avenue, Phoenix, Arizona 85012-2801, (602)207-2300 


é 


; INIT .FEE_¥ \REQUESTFORBIL’ ‘G_ Lye ee 


Program Name: u9PS Date: lo Jae pe. aes 
Site Code: AQEO IGA-CO Inventory #: \ooa9mq_ 
Site Code Verified in USAS:___ Landfill #:_-0 
Construction File Number: Account#: 


Facility/Project Nowe: Hernwk [ines Sia eg Bia ieee aa 


Facility/Project Address; _o 


(Line 2) Fredenia Fiz Bedorn 


(Line 3) a . . _— 


Billing Name: Steerbecnatienal Ltraniuus [Usa) Cor po 
(Line 2) RRR Sade te 
(Line3)  _EFredodva Cre, Beoam 
Contact PersonDenn MP! ltmore. Telephone 520 le4% “1Bai Ext Snr: 9) See eee 


Application/Initial Fee: Date Rec’d wjfarlag Check aol Amount: $ 2500.7 
(ALWAYS attach a copy of the CHECK or RECEIPT) 


ATC-PR___ App_¥ WCI-PI SWA___ PPA HWP 
ATC-SA___ WPC__ WCI-FI SWE. VOL HWM____ 
AOC-SA____ WPR___ WCI-RP SWP___ WQE HWC_____ 
AOC-DR__ WRP____ 


ADEQ Personnel with Billable Hours who worked on this Site: 


Period Covered: From: Throvgh:. 0. =... was 
Name: SKE DS E01 ( 5 a Ext: 
Name: CCE Xt: Name: Ext 
Project Officer:__ Ext: , Dates... 
Unit Manager:_ Ext: Date: ieeetesgi 


G0) 00) 2 C5 | eee ‘ Pe eee 


PLEASE CIRCLE (0) THE CORRECT BUSINESS TYPE: 
I - Native American Owned Entities F - Federal Government S - Satate Government C - County Government 
M - Municipal (City) Government D - Districts O - Other 


For Cost Recovery Use Only: 


Hours Activity Sub-Activity 
Code Code 

Processing Cost Breakdown Attached: 

Final Adminstrative Processing 

Total Hourly Rate$__- A. Hours5 ns, = So. 
Project Officer Signature DAE ae cee eins 
Unit Manager 
OK to Bill? Yes No Ok to Refund? Yes No 


Signature: Ext: masa - wis Dates 
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Kanab, Utah 84741 iF 
Hermit. Mine Clean Closure: Review 


FOR-Fee. © 


000 22.bu. 1k 240000 Sus: 


aan en eee te ne eee fs eet eet ed: 
PEED BO SE SS 


INTERNATIONAL H 
URANIUM (USA) i 
CORPORATION 


IU 


Donn M. Pillmore 


H.C. 64 

Box 153 ‘. 
2555 No. Highway 89A 520 643 7321 (phone) ; 
Fredonia, AZ 86022 520 643 7328 (fax) 3 


“Late Fee Gor C leaw C lass ce? ok, 
ae ee ee A eenay oe Mine 


Trventory Ko. [60 a9 
Site Op No: 500 15400 


——ceoee tans seen peer 
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INTERNATIONAL 4 198 
LU URANIUM (USA) 7 , 
CORPORATION ,ECEIVE 


H.C. 64 © Box 153 © 2555 No. Highway 89A ¢ Fredonia, AZ 86022 * 520 643 7321 (phone) © 520 643 7328 (fax) 
qGaAIsSoad 
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December 18, 1998 


VIA UP 


Mr. Dennis L. Turner 

Aquifer Protection Mining Permits Supervisor 
Arizona Department of Environmental Quality 
3033 North Central Avenue 

Phoenix, Arizona 85012-2809 


Re: Hermit Mine Clean Closure 
Dear Mr. Turner: 


The International Uranium (USA) Corporation ([USA), Hermit Mine Closure Report is attached hereto, pursuant 
to a December 2, 1998 telephonic communication with Mr. Craig DeWalt, Aquifer Protection Project Manager, 
Arizona Department of Environmental Quality (ADEQ), concerning submittals required to finalize closure of the 
Hermit Mine. Per request by Mr. Craig DeWalt, the closure and post closure requirements listed in the Hermit 
Mine Groundwater Protection Permit No. G-0035-08 and the closure and post closure requirements listed in the 
approved U. S. Bureau of Land Management, Plan of Operations, have been addressed in the Hermit Mine 
Closure Report. 


The Hermit Mine Closure Report is submitted to the ADEQ in duplicate to facilitate ADEQ interdepartmental 
review. Also, the closure review fee pursuant to R18-9-123 (mining categories, surface impoundments) drafted 
for the full amount of $3,000.00 is attached herewith as Check Number 221. 


Should additional information or discussion be required concerning this matter, please contact me or Mr. Roger 
Smith, General Manager of Mining Operations, at the IUSA office in Fredonia, Arizona, telephone number: 
(520)643-7321 or FAX number (520)643-7328. 


Very truly yours, 


Mh ae. 


Donn M. Pillmore 
Project Manager 


cc: Craig DeWalt, ADEQ 
Jayanta Das, ADEQ 
D. C. Frydenlund 
H. R. Roberts, w/enclosure 
R. B. Smith 
M. R. Rehmann 


INTERNATION/ 


IUC URANIUM (USA) 


MM CORPORATION 


Independence Plaza. Suite 950 ¢ 1050 Seventeenth Street ¢ Denver, CO 80265 © 303 628 7798 (main) ¢ 303 389 4125 (fax) 


WATER PERMITS 
JUL 22 1997 
RECEIVED 


July 16, 1997 


Arizona Department of Environmental Quality 
3033 North Central Avenue 
Phoenix, AZ 85012 
Attn: Mr. Tony Bode 

Re: Transfer of Arizona APP and GWQPP permits from EFN to IUC 
Dear Mr. Bode: 

Enclosed are copies of the invoices along with separate checks in payment of all fees due for 
the transfer of applicable permits from Energy Fuels Nuclear, Inc. to International Uranium (USA) 


Corporation. 


My apologies for the confusion regarding which entity was responsible for payment. If you 
have any further questions, please contact me at (303) 389-4132. 


Sincerely yours, 


ys id a > C Splp 


Vicki I ae ee 
Paralegal / Land Adudnlatenat 
Enclosures (14) 


cc/enc: Michelle Rehmann, Environmental Manager, [UC 
Donald L. Peterson, President, Energy Fuels Nuclear, Inc. 


081004/9-89 


NORWEST BANK COLORADO, NAL | 
; DENVER 
DENVER, Sepetht 80274 


INTERNATIONAL URANIUM (USA) CORPORATION 
SUITE 950 INDEPENDENCE PLAZA 
1050 SEVENTEENTH STREET 
- DENVER, COLORADO 80265 


a ONE HUNDRED THIRTY-NINE DOLLARS AND ZERO CENTS 


TO THE DATE AMOUNT 
ORDER OF 15-Jul-1997 $139.00 


ARIZONA DEPARTMENT OF 
ENVIRONMENTAL QUALITY 
P.O. BOX 2150 

PHOENIX AZ 85001-2150 


5] Security features included. Details on back. 
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INTERNATIONAL URANIUM (USA) CORPORATION 


1384 


Invoice Number Inv. Date Net Invoice 


MU97:0171/100299 28-APR-1997 139.00 


Check Total 139.00 
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ARIZONA DEPARTMENT OF ENVIRONMENTAL QUALITY 
Fife Symington, Governor Russell F. Rhoades, Director 


MU97:0269 
July 8, 1997 


Vicky Hoffsetz 
International Uranium Corporation 
1050 17th Street 

Suite 950 

Denver, CO 80265 


Dear Ms. Hoffsetz: 


On February 28, 1997, the Water Permits Section - Mining Unit (WPS-MU) of the Arizona 
Department of Environmental Quality (ADEQ) has received the initial fee to transfer the 
following permits: 


Kanab North Mine, GWQPP: G-0007-08, Inventory Number: 100069 
Hermit Mine, GWQPP: G-0035-08, Inventory Number: 100299 
Pinenut Mine, GWQPP: G-0036-08, Inventory Number: 100300 

- Canyon Mine, GWQPP: G-0004-03, Inventory Number: 100333 
Hack Canyon Mine, APP: P-100519, 
Pigeon Mine, APP: P-101898, 
Anzona | Mine, APP: P-102008, 


NAW R YN 


The permits were transferred on or about April 18, 1997. I have enclosed separate invoices 
indicating the balance due. Please remit the amount due for each of the facilities. For 
tracking purposes, the Department requires separate checks. In addition, I have enclosed 
copies of the paperwork generated for each of the facilities during the transfer process. 
Please call me at (602) 207-2255 or toll free within the state of Arizona at 1-800-234-5677, 
ext. 2255, if you have any questions. 


Sincerely, 
Teg Buk 

/ 
Tony Bode, Project Officer 
Mining Unit 
Water Permits Section 
TB/tb 


Enclosure: Invoice (7), Copies (7 sets) 


on Lynne Dekarske, WPS 


c:\tbl\transfer\MU970269 


3033 North Central Avenue, Phoenix, Arizona 85012, (602)207-2300 


va 


energy fuels nuclear, inc. 


three park central ¢ suite 900 
1515 arapahoe street ¢ denver, colorado 80202 


May 9, 1997 


303-623-8317 
twx 910-931-2561 
fax 303-595-0930 


Tony Bode 

Aquifer Protection Project Officer 
Arizona Dept. of Environmental Quality 
3033 North Central Avenue 

Phoenix, AZ 85012 


Dear Mr. Bode: 


In accordance with the provisions of A.A.C. R18-09-1.03.F, this letter is a notification of 
a change of the owner and operator for the facilities identified on Exhibit A hereto. Please be 
advised that the transfer occurred on May 9, 1997. The name and address of the transferor 
operator and transferee operator are: 


Energy Fuels Nuclear, Inc. 
1515 Arapahoe Street, Suite 900 
Denver, Colorado 80202 


Attn: Rich A. Munson 
Telephone: (303) 623-8317 
Facsimile: (303) 595-0930 


International Uranium (USA) Corporation 
Independence Plaza, Suite 950 

1050 Seventeenth Street 

Denver, Colorado 80265 


Attn: Michelle R. Rehmann, Environmental Manager 
Telephone: (303) 628-7798 
Facsimile: (303) 389-4125 

Sincerely, 


Energy Fuels Nuclear, Inc. International Uranium (USA) Corporation 


eae a. ee tp, 
Rich A. Munson E. Hoellen 


Corporate Counsel President 


EXHIBIT A 
TO NOTICE OF TRANSFER 
. FROM 
ENERGY FUELS NUCLEAR, INC. 
TO 
INTERNATIONAL URANIUM (USA) CORPORATION 


PROPERTY LOCATION 


Canyon Mine - GWPP No. G-0004-03 Section 20 - 29N/3E 
Coconino County, Arizona 


North Latitude 35° 53' 00" 
West Longitude 112° 05' 93" 


Section 17 - 38N/4W 
Mohave County, Anzona 


North Latitude 36° 41' 25" 


West Longitude 112° 45' 03" 


Kanab North Mine - GWPP No. G-0007-08 | Section 17 - 38N/3W 
Mohave County, Arizona 


North Latitude 36° 41' 20" 
West Longitude 112° 38' 36" 


Pinenut Mine - GWPP No. G-0036-08 Section 21 - 36N/4W 
Mohave County, Anzona 


North Latitude 36° 30!' 15" 
West Longitude 112° 43' 57" 
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ARIZONA DEPARTMENT OF ENVIRONMENTAL QUALITY 


Fife Symington, Governor Russell F. Rhoades, Director 


INVOICE 
MU97:0171 Inventory No. 100299 


April 28, 1997 


REMIT TO: 


IUC Arizona Department of Environmental Quality 
1050-17th Street, Suite 950. 3033 North Central Avenue 


Denver, CO 80265 Phoenix, AZ 85012 


Attention: Vicky Hoffsetz 
Paralegal for Energy Fuels 1986-1999 Attention: Tony Bode 


Pursuant to R18-14-102.A, the ADEQ shall assess and collect fees for water quality 
protection services, including any site visits. 


R18-14-102. Fee Services 
A. ADEO shall assess and collect fees for water quality protection services, including any site visits. 


For Aquifer Protection Permit, Permit Transfer Fees --Energy Fuels Nuclear, Inc., Site Op 
# 50015900 Charges are calculated as follows: 


A. Initial fee, Permit Transfer @ $400.00 per unit: $400.00 

B. 11 hours @ $49.00 per hour: $539.00 

C. BALANCE DUE: $139.00 
THIS INVOICE IS D N RECEIPT 


Please make all checks payable to: Arizona Department of Environmental Quality 
To ensure proper credit, include a copy of this invoice with your remittance. 


ce Lynne Dekarske, APP Section 


e:\tb1\transferimu97017 1.doc 


3033 North Central Avenue, Phoenix, Arizona 85012, (602)207-2300 
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ARIZONA DEPARTMENT OF ENVIRONMENTAL QUALITY 


Fife Symington, Governor Russell F. Rhoades, Director 


INVOICE 
MU97:0171 Inventory No. 100299 


April 28, 1997 


REMIT TO: 


Energy Fuels Nuclear, Inc. Arizona Department of Environmental Quality 
Three Park Central, Suite 900 3033 North Central Avenue 

1515 Arapahoe St. Phoenix, AZ 85012 
Denver, CO 80202 
Attention: Rich Munson 


Attention: Tony Bode 


Pursuant to R18-14-102.A, the ADEQ shall assess and collect fees for water quality 
protection services, including any site visits. 


R18-14-102. Fee Services 


A. ADEQ shall assess and collect fees for water quality protection services, including any site visits. 


For Aquifer Protection Permit, Permit Transfer Fees --Energy Fuels Nuclear, Inc., Site Op 
# 50015900 Charges are calculated as follows: 


A. Initial fee, Permit Transfer @ $400.00 per unit: $400.00 

B.__11 hours @ $49.00 per hour: $539.00 

C. BALANCE DUE: $139.00 
THI VOICE IS D N RECEIPT 


Please make all checks payable to: Arizona Department of Environmental Quality 
To ensure proper credit, include a copy of this invoice with your remittance. 


ce: Lynne Dekarske, APP Section 


c:\tb1\transfer\mu970171.doc 


3033 North Central Avenue, Phoenix, Arizona 85012, (602)207-2300 


ARIZONA DEPARTMENT OF ENVIRONMENTAL QUALITY 
INTER-OFFICE MEMORANDUM 


MU97:0162 , Inv. No. 100299 
DATE: April 25, 1997 
TO: Mike Clark, Director 
Business and Finance Section 
THRU: DENNIS TuRNee PLT Reema, . 
Water Permits Section, Mining Unit APK 2 5 1997 
FROM: Tony Bode, Project Officer TR Office of Fiscal Services 
Water Permits Section, Mining Unit ~ 
RE; Request for Computer Report of Billable Hours: 
Energy Fuels Nuclear - Hermit Mine 
Inventory No. 100299 
Site/OP Code 50015900 


Please provide a computer report for the hours worked on the above referenced project. 
Please organize the report in columns as follows: 


Employee | Pay Period | Index Activity Sub Hours 
Number End Date Activit 
A DA a ee ee es 


Thank You for your assistance. If you have any questions, please call me at 207-2255. 


c:\tb1\transfer\mu970162.doc 


25/97 OTAL HOURS POSTED TO SI} 500159-00 PAGE 1 
03234 07/01/92 TO PRESE DETAIL 
PAY PERTOD SUB GRANT GRANT 

END DATE INDEX PCA ACTIVITY ACTIVITY NUMBER PHASE HOURS 
19970228 82400 47110 8063 8114 0000600 
19970314 82400 47210 8063 Bil4 9000500 
COUNT PAY PERTOD END DATE 2 

COUNT PAY PERIOD END DATE 2 -D 
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ARIZONA DEPARTMENT OF ENVIRONMENTAL QUALITY 


Fife Symington, Governor Russell F. Rhoades, Director : 
MU97:0155 Inv. No. 100299 


April 18, 1997 


Rich Munson 

Energy Fuels Nuclear, Inc. 
Three Park Central, Suite 900 
1515 Arapahoe St. 

Denver, CO 80202 


Dear Mr. Munson: 


Our office has received your letter, dated January 31, 1997, requesting a transfer of 
responsibility for the Groundwater Quality Protection Program (GWQPP) permit for the 
Hermit Mine. As stated in your letter, Energy Fuels Nuclear, Inc. has transferred all 
obligations regarding GWQPP permit G-0035-08 to International Uranium (USA) 
Corporation on or about March 31, 1997. 


ADEQ shall be notified within 10 days of a transfer of any GWQPP permit pursuant to 
Arizona Administrative Code (A.A.C.) R18-9-103.F. The notice shall include the name 
and address of the transferor and transferee as well as the name and location of the facility 


Attached to this letter are copies of the modified pages to the GWQPP. Please attach the 
enclosed modified pages to the original permit. An initial fee of $400.00 was received by 
our office on February 28, 1997. A final invoice will be sent to you within 30 days. 


Please call me at (602) 207-2255 or toll free within the state of Anzona at 1-800-234- 
5677, ext. 2255, if you have any questions regarding this permit transfer. 


Sincerely, 

TT ox, Rede 
Tony Bode, Project Officer 
Mining Unit 
Water Permits Section 


TB/tb 


Enclosure 
cc: Dennis Turner, Supervisor, WPS-Mining Unit 
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3033 North Central Avenue, Phoenix, Arizona 85012, (602)207-2300 


ARIZONA DEPARTMENT OF ENVIRONMENTAL QUALITY 
MEMORANDUM 
MU97:0149 Inventory No: 100299 


TO: Dennis Turner |) LT 
Supervisor, Water Permits Section, Mining Unit 


FROM: Tony Bode 
Project Officer, Water Permits Section, Mining Unit 


RE: Transfer of Groundwater Quality Protection Permit No. G-0035-08 
Hermit Mine 


INTRODUCTION 


Attached for your signature is a transfer of the above referenced permit. The Hermit Mine 
is located approximately 21 miles south of the city of Fredonia in Mohave County, 
Arizona. The permit authorizes the permittee to operate the Hermit Mine, a former 
underground uranium mine. A temporary cessation of activities is currently in effect. An 
APP may be required if mining operations resume in the future. No mining operations are 
permitted at the mine site. 


COMMENTS 


A letter was received by the ADEQ on January 31, 1997, requesting that responsibility for 
Groundwater Quality Protection Permit G-0035-08 be transferred to International 
Uranium (USA) Corporation as part of a change in ownership of the Hermit Mine. 
Ownership of the mine was transferred from Energy Fuels Nuclear, Inc. to International 
Uranium (USA) Corporation on or about March 31, 1997. 


CONCLUSION 


ADEQ shall be notified within 10 days of a transfer of any GWQPP permit pursuant to 
Arizona Administrative Code (A.A.C.) R18-9-103.F. The notice shall include the name 
and address of the transferor and transferee as well as the name and location of the facility 
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ARIZONA DEPARTMENT OF ENVIRONMENTAL QUALITY 


Fife Symington, Governor Russell F. Rhoades, Director 


MU97:0097 Inventory No. 100069 
100300 
March 3, 1997 100333 
101898 
Rich Munson 102008 


Corporate Counsel 

Energy Fuels Nuclear, Inc. 
Three Park Central, Suite 900 
1515 Arapahoe Street 
Denver, CO 80202 


Dear Mr. Munson: 


On February 28, 1997, the Water Permits Section - Mining Unit (WPS-MU) of the 
Arizona Department of Environmental Quality (ADEQ) has received the initial fee to 
transfer the following permits: 


Kanab North Mine, GWQPP: G-0007-08, Inventory Number: 100069 
Hermit Mine, GWQPP: G-0035-08, Inventory Number: 100299 
Pinenut Mine, GWQPP: G-0036-08, Inventory Number: 100300 
Canyon Mine, GWQPP: G-0004-03, Inventory Number: 100333 
Hack Canyon Mine, APP: P-100519, 

Pigeon Mine, APP: P-101898, 

Arizona | Mine, APP: P-102008, 


Os SS ok Go Be 


I have enclosed individual invoices for you to keep for your permanent record. You will 
be notified of the publication and date for public notice. Please call me at (602) 207-2255 
or toll free within the state of Arizona at 1-800-234-5677, ext. 2255, if you have any 
questions regarding this permit transfer. 


Sincerely, 


Ty Beli 


Tony Bode, Project Officer 
Mining Unit 
Water Permits Section 


TB:ksh 
Enclosure: Invoice (7) 


cc: Lynne Dekarske, WPS 
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ARIZONA DEPARTMENT OF ENVIRONMENTAL QUALITY 
Fife Symington, Governor Russell F. Rhoades, Director 


INVOICE 


MU97:0091 Inventory No. 100299 


February 28, 1997 


REMIT TO: 


Arizona Department of Environmental Quality 
3033 North Central Avenue 
Phoenix, AZ 85012 


Energy Fuels Nuclear, Inc. 
Three Park Central, Suite 900 
1515 Arapahoe St. 

Denver, CO 80202 


Pursuant to R18-14-103, the request for facility transfer must be accompanied with a 
check for the appropriate amount as specified in the following table: 


R18-14-103. Hourly Rates and Initial Fees 


C. The initial fees for all ADEO water quality protection services, set forth in Schedules 1 or B, shall be 
paid at the time the request for services is made. When more than | initial fee is applicable to a request 
for multiple water quality protection services, or for application for multiple tvwpes of discharging 
facilities, the initial fee owed shall be the sum of all applicable initial fees, not to exceed the applicable 
maximum fee. The owner or operator shall remit a separate initial fee for eahe request. [fan initial fee 
exceeds the amaximum fee charged under a fee cap, the owner or operator shall remit the applicalble 


capped fee. 
Categories Initial Fee 


Mine Facilities 


Other $400 


For Groundwater Quality Protection Permit, Permit Transfer Fees -- Energy Fuels 
Nuclear, Inc., Hermit Mine, Site Op #: 50015900. Charges are calculated as follows: 


A. | Permit Transfer @ $400.00 per unit: $400.00 


B. BALANCE DUE: $400.00 


THIS INVOICE IS DUE UPON RECEIPT 
To ensure proper credit. include a copy of this invoice with your remittance. This invoice reflects the 
initial fee only. 


ee: Lynne Dekarske, APP Section 
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S NUCLEAR, INC-AGENT 
PARK CENTRAL, SUITE 900 |) za 
“1815 ARAPAHOE ST. il 
© DENVER, CO 80202 

||". "(803) 623-8317 


ARIZONA DEPARTMENT OF 
ENVIRONMENTAL QUALITY 
P.O. BOX 2150 

PHOENIX AZ 85001-2150 


081004/9-89 


ENERGY FUELS NUCLEAR, INC.-AGENT 


Invoice Number 


USAS 50015900 


GWPP Number G-0035-08 


Meems 


FOUR HUNDRED DOLLARS AND ZERO CENTS 


BANK AND TRUST COMPANY 
: ‘DENVER, CO 80202 
23-96-1020 


DATE AMOUNT 
27-Feb-1997 $400.00 


Fd cal 


EB security teatures included. Details on back. asm 


"009220" 140 200090EBBE8 bam 2220 but 


9120 
Inv. Date Net Invoice 


27-FEB-1997 400.00 


Check Total 400.00 
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ARIZONA DEPARTMENT OF ENVIRONMENTAL QUALITY 


Fife Symington, Governor Russell F. Rhoades, Director 


MU97:0066 Inventory No. 100069 


100300 

100333 

100519 

101898 

102008 
March 3, 1997 


Rich Munson 

Corporate Counsel 

Energy Fuels Nuclear, Inc. 
Three Park Central, Suite 900 
1515 Arapahoe Street 
Denver, CO 80202 


Dear Mr. Munson: 


The Arizona Department of Environmental Quality (ADEQ), Water Permits Section - 
Mining Unit (WPS-MU) has received your letter, dated January 31, 1997, requesting a 
transfer of responsibility under the Aquifer Protection Permit program (APP) and the 
Groundwater Quality Protection Permit program (GWQPP) from Energy Fuels Nuclear, 
Inc. (EFN) to International Uranium [USA] Corporation (IUC) for the following mine 
sites: 


1. Kanab North Mine, GWQPP: G-0007-08, Inventory Number: 100069 
2. Hermit Mine, GWQPP: G-0035-08, Inventory Number: 100299 
3. Pinenut Mine, GWQPP: G-0036-08, Inventory Number: 100300 
4. Canyon Mine, GWQPP: G-0004-03, Inventory Number: 100333 
5. Hack Canyon Mine, APP: P-100519, 
6. Pigeon Mine, APP: P-101898, 
7. Arizona 1 Mine, APP: P-102008, 
1. Kanab North Mine 


The Kanab North Mine is located at Fredonia, Arizona in Mohave County and is an 
underground mining operation to define and delineate potential uranium ore deposits and 
reserves. Pursuant to Arizona Administrative Code (A.A.C.) R18-9-103.F, ADEQ shall 
be notified within 10 days of a transfer of any GWQPP permit. The notice shall include 
the name and address of the transferor and transferee as well as the name and location of 
the facility. Since a GWQPP permit is a water quality protection permit administered by 
ADEQ, an initial fee of $400.00 per permit must be submitted with the transfer request 


3033 North Central Avenue, Phoenix, Arizona 85012, (602)207-2300 


Rich Munson 
MU97:0066 
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pursuant to A.A.C. R18-14-104, Schedule A. In addition, the WPS-MU concurs that the 
Kanab North facility was required to submit an APP application on or about April 30, 
1996. There is no indication in our file that written notification was submitted by the 
WPS-MU to EFN before the April 30, 1996 call-in date. The Kanab North Mine may 
have been removed from the call-in list due to cessation of activities during 1990. If the 
facility was removed from the call-in list for cessation of activities, then no call-in notice 
would have been issued by ADEQ. However, the call-in date for the APP application 
would have remained the same. EFN would have been required to submit an APP before 
April 30, 1996 pursuant to A.A.C. R18-9-104.B. Consequently the WPS-MU agrees to 
grant EFN an extension to submit the APP application for the Kanab North facility within 
120 days after the effective permit transfer date. 


26 Hermit Mine 


The Hermit Mine is located approximately 21 miles south of Fredonia, Arizona in Mohave 
County and is an underground uranium mining operation. Pursuant to Arizona 
Administrative Code (A.A.C.) R18-9-103.F, ADEQ shall be notified within 10 days of a 
transfer of any GWQPP permit. The notice shall include the name and address of the 
transferor and transferee as well as the name and location of the facility. Since a GWQPP 
permit is a water quality protection permit administered by ADEQ, an initial fee of 
$400.00 per permit must be submitted with the transfer request pursuant to A.A.C. R18- 
14-104, Schedule A. 


3. Pinenut Mine 


The Pinenut Mine is located approximately 51 miles south of Fredonia, Arizona in 
Mohave County and is an underground uranium mining operation. Pursuant to Arizona 
Administrative Code (A.A.C.) R18-9-103.F, ADEQ shall be notified within 10 days of a 
transfer of any GWQPP permit. The notice shall include the name and address of the 
transferor and transferee as well as the name and location of the facility. Since a GWQPP 
permit is a water quality protection permit administered by ADEQ, an initial fee of 
$400.00 per permit must be submitted with the transfer request pursuant to A.A.C. R18- 
14-104, Schedule A. 


4. Canyon Mine 


The Canyon Mine located 9 miles south of the south rim of the Grand Canyon, Arizona in 
Coconino County is a fully permitted underground uranium mine, but has not begun any 
mining operations. ADEQ shall be notified within 10 days of a transfer of any GWQPP 
permit pursuant to A.A.C. R18-9-103.F. The notice shall include the name and address of 
the transferor and transferee as well as the name and location of the facility. Since a 
GWOQPP permit is a water quality protection permit administered by ADEQ, an initial fee 
of $400.00 per permit must be submitted with the transfer request pursuant to A.A.C. 
R18-14-104, Schedule A. 
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5. Hack Canyon Mine 


The Hack Canyon Mine is located at Fredonia, Arizona in Mohave County and was an 
underground mining operation which produced 742,000 tons of uranium ore from 1980 
through 1987. The mine was issued an APP for clean closure on October 23, 1995. The 
Director of the ADEQ may transfer APP permit number P-101898 pursuant to A.A.C. 
R18-9-121.E if it is determined that the proposed transferee complies with the 
requirements under A.R.S. §§ 49-241 through 251. One of these requirements is a 
demonstration of financial capability by IUC via one of the mechanisms described in 
A.A.C. R18-9-108.B.8.c. However, if EFN can demonstrate that the mine has completed 
the closure tasks described in the closure plan and in Part II, Section B of the APP permit, 
the Director may waive the financial demonstration. Therefore, please provide the 
demonstration of clean closure to be reviewed by WPS-MU. An initial fee of $400.00 for 
each APP permit must be submitted to ADEQ pursuant to A.A.C. R18-14-104, Schedule 
A. 


6. Pigeon Mine 


The Pigeon Mine is located at Fredonia, Arizona in Mohave County and was an 
underground mining operation which produced 439,000 tons of uranium ore from 1984 
through 1990. The mine was issued an APP for clean closure on October 23, 1995. The 
Director of the ADEQ may transfer APP permit number P-101898 pursuant to A.A.C. 
R18-9-121.E if it is determined that the proposed transferee complies with the 
requirements under A.R.S. §§ 49-241 through 251. One of these requirements is a 
demonstration of financial capability by IUC via one of the mechanisms described in 
A.A.C. R18-9-108.B.8.c. However, if EFN can demonstrate that the mine has completed 
the closure tasks described in the closure plan and in Part II, Section B of the APP permit, 
the Director may waive the financial demonstration. Therefore, please provide the 
demonstration of clean closure to be reviewed by WPS-MU. An initial fee of $400.00 for 
each APP permit must be submitted to ADEQ pursuant to A.A.C. R18-14-104, Schedule 
A. 


Te Arizona 1 Mine 


The Pinenut Mine is located approximately 20 miles south of Fredonia, Arizona in 
Mohave County and is an underground uranium mining operation. There has been some 
underground development work at the mine site however, actual mining operations have 
not commenced. The Director of the ADEQ may transfer APP permit number P-102008 
pursuant to A.A.C. R18-9-121.E if it is determined that the proposed transferee complies 
with the requirements under A.R.S. §§ 49-241 through 251. One of these requirements is 
a demonstration of financial capability by IUC via one of the mechanisms described in 
A.A.C. R18-9-108.B.8.c. IUC has provided a demonstration of financial surety that was 
reviewed by Manuel Sainz, ADEQ's Financial Review Officer on February 19, 1997. An 
initial fee of $400.00 for each APP permit must be submitted to ADEQ pursuant to 
A.A.C. R18-14-104, Schedule A. 
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Fees 


Pursuant to A.A.C. R18-14-103.C, the initial fees for all ADEQ water quality protection 
services must be paid at the time the request for services is made. In addition, when more 
than one (1) initial fee is applicable to a request for multiple facilities, the initial fee shall be 
the sum of all applicable initial fees and the owner or operator shall remit a separate initial 
fee for each request (A.A.C. R18-14-103.C). 


If you have any questions, please call me at (602) 207-2255 or, toll free within the state of 
Arizona at 1-800-234-5677, extension 2255. 


Sincerely, 

Tor Beko 

Tony Bode, Project Officer 

Mining Unit 

Water Permits Section 

TB:ksh 

Enclosure: R18-14-104, Schedule A 


ec: Lynne Dekarske, WPS 
Dennis Turner, Supervisor, WPS-Mining Unit 
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Direct: Fos 


energy fuels nuclear, inc. 


three park central ¢ suite 900 
1515 arapahoe street * denver, colorado 80202 twx 910-931-2561 
fax 303-595-0930 


AQUIFER PROTECTIO 
January 31, 1997 PROGRAM SECTION 


FEB] 4 1997 
Mr. Tony Bode R ECEIVED 


Aquifer Protection Project Officer 

- Amizona Dept. of Environmental Quality 
3033 North Central Avenue 

Phoenix, AZ 85012 


Dear Mr. Bode: 


This letter follows our meeting on Friday, January 17, 1997, concerning the permits held 
by Energy Fuels Nuclear, Inc. (“EFN”) and the transfer thereof to International Uranium (USA) 
Corporation (“IUC”). I appreciate the time that you, Mr. Tumer, Ms. Bueler and Mr. Sainz took 
to meet with me and assist EFN in understanding the requirements for these transfers. 


As we discussed we have a variety of permits: (i) groundwater protection permits 
(“GWPP”), (ii) aquifer protection permits (“APP”) and (iii) properties initially under notices of 
disposal but closed under APP closure plans. The attachment to this letter identifies the permits 
that are held by EFN, the location of each facility and our understanding of the requirements for 
transfer of each permit. 


With regard to the Hack Canyon and Pigeon Mines, as we discussed, these properties are 
fully reclaimed and are eligible for a “clean closure” under current rules. We will pursue that 
closure status separately from the transfer. These are the properties that were subject during their 
operational life to a notice of disposal but, after the reclamation had been completed, the 
Department required that we submit aquifer protection permit applications to secure approval of our 
closure procedures. 


As to the Arizona Mine and the APP, as we also discussed, we will be working with Mr. 
Sainz on the financial capability demonstration and as I understand the process, once we have 
provided Mr. Sainz with the necessary information that satisfies the requirements, a notice will be 
issued by the Department which allows a thirty (30) day period for public comment. 


In reviewing the permit files, we find that the Kanab North facility had originally been 
scheduled to submit an APP application on April 30, 1996. For other properties on the APP list 
for applications, we had received notification from ADEQ approximately 180 days prior to the due 
date. We do not have a record of receiving such a notice for Kanab North, but if the APP is now 
overdue, IUC will agree to submit an application within one hundred twenty (120) days of the date 
of the GWPP transfer for Kanab North. 


Mr. Tony Bode 

Arizona Dept. of Environmental Quality 
January 31, 1997 

Page 2 


Here is the necessary information for IUC: 
Address: 950 Independence Plaza 
1050 17th Street 
Denver, CO 80202 
State of Incorporation: Delaware 


President: Earl E. Hoellen 


We will be providing the financial information directly to Mr. Sainz. 


Please feel free to contact me at your convenience if you have any questions or comments 
on this letter or the transfer process. 


Sincerely, 


oo ae 


Rich A. Munson 
Corporate Counsel 
RAM/dpb 


VIA FACSIMILE AND REGULAR MAIL 
FACSIMILE NUMBER: (602) 207-4674 
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PROPERTY LOCATION TRANSFER REQUIREMENT 


Anizona I Mine - APP 
(0200F 


Canyon Mince - GWPP* 


/60 333 


Hack Canyon Mine -.NOD/APP Closure 


1/005 7/9 
Hermit Mine - G@WPRe: 
109299 


Ui Kanab North Mine - GWPP « 


Section 22 - 36N/SW 
Mohave County, Anzona 


North Latitude 36° 30! 27" 
West Longitude 112° 48' 23" 


Section 20 - 29N/3E 
Coconino County, Arizona 


North Latitude 35° 53' 00" 
West Longitude 112° 05' 93" 
Section 26 - 37N/SW 
Mohave County, Anzona 
North Latitude 36° 35' 03" N 
West Longitude 112° 47' 52" 
Section 17 - 38N/4W 
Mohave County, Arizona 
North Latitude 36° 41' 25" 
West Longitude 112° 45' 03" 
Section 17 - 38N/3W 
Mohave County, Arizona 


North Latitude 36° 41' 20" 
West Longitude 112° 38' 36" 


W 


Finding by Director under R18-09-21(E) 
that Transferee will comply with applicable 
statutes and regulations; and notification to 
ADEQ by EFN and IUH of the change in 
the owner or operator of the Mine under 
R18-09-03(F); 


Notification to ADEQ by EFN and IUH of 
the change in the owner or operator of the 


Mine under ; 


Notification to ADEQ by EFN and IUH of 
the change in the owner or operator of the 
Mine under R18-09-03(F); 


Notification to ADEQ by EFN and IUH of 
the change in the owner or operator of the 


Mine under R&8209:03( 2), 


Notification to ADEQ by EFN and IUH of 
the change in the owner or operator of the 
Mine under R48209203(F); 


Pi geon Mine - NOD/APP Closure Section 5 - 38N/2W Notification to ADEQ by EFN and IUH of 
; Coconino County, Arizona the change in the owner or operator of the 


Mine under R18-09-03(E); 
/O/ ry v North Latitude 36° 43' 30" 


West Longitude 112° 31'30" 


Pinenut Mine - @\WPP# Section 21 - 36N/4W Notification to ADEQ by EFN and IUH of 
Mohave County, Arizona the change in the owner or operator of the 
Mine under R48-09-03¢B); 


/00 300 North Latitude 36° 30! 15" 
West Longitude 112° 43' 57" 


ATTENDANCE LIST 


Meeting between ADEQ & Energy Fuels Nuclear 
3033 N. Central Ave, Phoenix, AZ 
Room 402 
17 January, 1997 


Name Affiliation Phone 

1. Tony Bde ADEO whAts-AtV 602-2 OF -225-5— 
2. Manny SANZ A0CQ. - Ln G02- 207-¥75 2 

3. kTem Whirse  Eptdey hyecs 2027 623 85/7 
4. Utlertns Ruvley~APEQ WAP 207 A494 
> S TK WIT Sup. 207-46 GS 
6. 

Ts 
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ARIZONA DEPARTMENT OF ENVIRONMENTAL QUALITY 


EVAN MECHAM, GOVERNOR 


9/30/87 


Mr. Harold Roberts 

Energy Fuels Nuclear, Inc. 
One Tabor Center 

Suite 2500 

1200 17th Street 

Denver, Colorado 80202 


Dear Mr. Roberts: 


RE: Hermit Mine 
Draft Groundwater Quality Protection Permit No. G-0035-08 


Attached for your review and comment is the draft permit for the referenced 
facility, located approximately 21 miles south of Fredonia, Arizona, in Mohave 
County. The facility will consist of mine workings to a depth of 
approximately 1500-feet and a 23-acre surface operations area. The facility 
will be constructed as a zero discharge facility except for a septic system 
for disposal of typical domestic wastes. All waters pumped from the 
underground and all runoff from the surface facility shall be directed to a 
lined surface impoundment and storm water will be diverted around the 
facility. All water containment and diversion structures shall be desianec, 
constructed and maintained to control waters from no less than a 100-year, 24- 
hour precipitation event. 


Please return any comments and objections you may have concerning this permit 
to the Water Permits Unit within thirty (30) days of the date of this 

letter. If you have any questions concerning this permit, please contact me 
at 257-6806. 


Sincerely, 


Carol Lecull 


Carol Russell 
Water Permits Unit 
CR:mm 
Attachment 


cc: U.S. Environmental Protection Agency, Region 9, Mail-Drop W-1-G 
Arizona Department of Water Resources, Attn: Clay Cady 
Arizona Department of Commerce 
Bureau of Land Management 
Mohave County Health Department 
Western Arizona Council of Governments 
Mohave County Planning and Zoning Commission 


The Department of Environmental Quality is An Equal Opportunity Affirmative Action Employer 


Central Palm Plaza Building 2005 North Central Avenue Phoenix, Arizona 85004 
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STATE OF ARIZONA 


GROUNDWATER QUALITY PROTECTION PERMIT 


Part I. AUTHORIZATION FOR FACILITY OPERATION SUCH THAT GROUNDWATER QUALITY 
OF THE STATE OF ARIZONA IS NOT ADVERSELY IMPACTED. 


In compliance with the provisions of A.R.S. 36-185: et seq; A.A.C. 
Title 9, Chapter 20, Article 2; A.A.C. Title ©, Cnzepter 21, 
Article 2; and conditions set forth in this permit: 


Facility Name: Operator: 


Hermit Mine Energy Fuels Nuclear, Inc. 
One Tabor Cenver, Suite 2500 
1200 Seventeenth Street 


ei 


Denver, Colorado 80292 


is authorized to operate the Hermit Mine, an undevovound uranium 
mine located approximately 21 miles south of Fredonia, Arizona in 
Mohave County over the groundwaters of Kanab Piateay Basin in 
Township 38 North; Range 4 West; Section 17, W 1/2 SW 1/4 - Gila 
and Salt River Base Line and Meridian. 


This permit shall become effective on the date of signature and 
shall be valid for 15 years provided that the faci’ i:ry is operated 
and maintained in compliance with the specific concizions, general 
conditions, end information documented or referencec in Parts I, 
I, II] and IV of this Permit and such that orouncnater quality 
Standards are not violated (Part V). 


Brad L. Doores, Vice President Gereid Teletzke, Pr.i., D.rector 
Legal and Reouiatory Affairs Arizona Department of Environmental Health 


Energy Fuels Nuclear, Inc. 


Signed this day of Signed this Gay of 


if. pa 


\, 
yale 


‘ 
Part TBE # tsp 
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A. Disposal/Containment Requirements 


Lies 


Facility Water Containment 


The facility shall be designed, constructed and 
maintained such that there will be no migration of 
wastes or pollutants either directly to groundwater or 
to the vadose zone. 


a. 


The operator shall be restricted to tne disposal of 
mine water and runoff from a 23-acre uranium mine 
site to a lined impoundment. All waters pumped 
from the underground and ail runoff from the 23- 
acre mine operation's area snall be cirected to the 
lined impoundment. The 12.6-acre-fooz impoundment 
shall be lined with synthetic materiai equivalent 
to 36 mil Hypalon. The underlying surface shall 
contain no gravels greater than 1/4 incn. The 
Operator shall maintain a minimum cf 2-acre feet 
(2.4 feet) of freeboard in operating the 
impoundment. The operator shell meinvain a reserve 
area for the construction of en additional lined 
impoundment following authorization for an increase 
in the mine yard disturbance gree. Tne use of 
enhanced evaporation techniques shell pe allowed as 
an alternative for controliing weter ievel in the 
lined impoundment. 


né 
> 
ve 


The ore storage pacs shall be 
crushed and compacted limeston 
Jess than 12 inches in thickness 
pads shall be sloped toward tne ss 
collection structure shall be const 


or shale not 

ne ore storage 
s and a runoff 
ucztec to ensure 


that all runoff from tne ore piles sh | be 
directed to the lined impounamenr. 
The operator shall construct storm wazter diversion 


Structures, as referenced in iiydramote 
Evaluations for the Proposed Hermit Urenium Mine" 
Dames & Moore, 1987, to controi wazers from no less 
than a 100-year, 24-hour precipitation event. The 
diversion structures shall be constructed from 
borrow material from within the cperations area and 
shall be protected with heevy riprep. Ail 
construction shall be performed to prevent runoff 
from the mine operations arez. 


Sewage Disposal 


vstem with a 
. one septic 
e with plans 


The operator shall construct a septic s\ 
design capacity of 1,000 callons per ce 
System shall be constructed in eccorden 


¢) Sez % 
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approved by the Mohave County Health Department. The 
septic system shall consist of a Septic tank no less 
than 1,600 gallons and associated leach lines. 


3. Unauthorized Materials 


a. Materials authorized to be disposed of in tne lined 
impoundment shall not include any materials that 
cause deterioration of the pond liner es indicated 
by the manufacturer's specifications for tne liner 
material. 


b. Materials authorized to be disposed cf in al 
septic tanks are ~ypical housenold sewage and shall 
not include mine water, motor oi], Gesoiine, 
paints, varnishes, laboratory wastes, solvenzs, 
fertilizers, pesticiaes or other materizis not 
generally associated with toilet flusning, food 
preparation, laundry anc personal hygiene. 


C: Adequate supervision and operation stall 
performed to ensure the: all users of tne 
are aware of and understand the 
containment/disposal requirements of Part Ii.A.1. 


be 
€ 


4. Discharge Source Limits 


Total domestic wastewater flow from the facility shail 
not exceed 1,000 gailons per day. 


5. Mining Limit 


Total depth of the m 


ine workings shall now exceed 1,500 
+ fa 
feet below land survfe 


co 
—d 
c 
S 


6. Modification 


This permit is issued contingent upon the abov 
conditions. The permittee snall give ninet 


Oo om 


written advance notice to tne Department 
modification to the above facility. 
B. Monitoring Requirements, Record kKeepi (RO-26- 225 ' 


1. Monitoring shall be conducted in three pneses: 


Phase I - Pre-Mininc - Ambient Groundwater 
Characterization 


Phase II - Mining - Evaiuation of Possibie Impacts 


Phase III- Post-Mining - Evaiuate the Effeciiveness of 
Closure Activities. 
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Phase I - Pre-Mining 


The purpose of Phase I monitoring is to determine 
baseline, the ambient groundwater 


characteristics. Ambient groundwater shall be 
defined as the arithmetic mean plus two standard 
deviations of the chemical concentrations for each 
parameter. 


(1) 


The regional aquifer shall be sampled at the 
monitoring well, Uepartment of Water 
Resources Well Recistry No. as 
located at and constructed as described in 
Section 7.c. of the Notice of Disposal. The 
operator shall monitor this water 

suppl y/monitoring well quarterly for the 
parameters listed in Part I1.B.2.b. 


Water producing zones shall be monitored in 
the shaft during siaft sinking. Water 
quality and quantizy shall be taken from 
every geologic unit which produces water at 
the time of shaft penetration and quarterly 
thereafter until mining commences. 


Phase II - Mining 


The purpose of monitoring during the mining phase 
is to determine wnat impacts, if any, tne operation 
is having on the groundwacer quality. 


(1) 


Discharce Monitoring 


On an annual basis the effluent from the 
septic system shal! be Sampied anc analyzed 
for those parameters listed in Part 

il .Ba2.b. 


Impoundment Monitoring 


The operator shell inspect the impoundment 
for mecharical Gaits Ge seam failure and 
maintenance of freeboard on a daily basis. 


Groundwater Monitoring 


The operator shail monitor tne water 

suppl y/monitoring well, Department of Water 
Resources Well Registry No. 

quarterly for the parameters listed in Part 
I1.B.2.a. and annueily for the parameters 
listed in Part I1.8.2.5. Static water level 
in the weli shall be measured and recordec 
prior to sample pumping. 17 the well is 
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used for production, pumping shall be 
suspended for 24 hours prior to observing 
the static water level. The operator shall 
evacuate at least one bore volume prior to 
sampling the monitoring well. The amount 
pumped shall be recorded. The water purged 
from the well shall be contained in the 
lined impoundment, stored in impervious 
containers, or used at the mine site. 


Mine Inflow Monitoring 


Mine inflows shall be monitored in the shaft 
and at the mine sump. Within tne shaft, 
water quality and quantity shaii be 
monitored annually from each geologic unit 
which continues to produce water for tne 
parameters listed in Part II.B.2.b. Water 
quality analysis shali not be subject to 
Maximum Groundwater Limits. 


Inflows within the mine shall be monitored 
at the mine sump for quality by quarterly 
sampling and analysis for the perameters 
listed in Part I1.6.2.a. and annually for 
the parameters jisted in Part ]!.B.2.b. 
Quantity of mine inflows shall be estimated 
on a quarterly basis taking into account the 
consumption of water by underground drilling 
and dust contro:, and the return fiows from 
these operations. Any significant invfiows 
shall be depicted on @ mine map and 
submitted to ADEQ as part of tne quarterly 
report. 


Phase III - Post-Mining 


--+ 


The purpose of monitoring during the posi-mining 
phase is to determine tne effectiveness of the 
closure activities. 


(1) 


The operator shell monitor the water 

suppl y/monitoring well, Division of Water 
Resources Well Recistry No. ; quarterly 
for the parameters in Part II.B.2.b. 


The sampling can be discontinuec when che 
Sampling location is nc longer eccessiple or 
when the average concentrations cf cil 
Parameters are iess than or equé! to the 
Maximum Groundwater Limit plus <wo standard 
deviations. The erithmetic averzae shell be 
calculated based on a five-point running 
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average, the latest concentration and the 
four previous concentrations after closure. 


Any individual concentrations that exceed 
the pre-mining mean concentration plus four 
Standard deviations shall be rejected as 
anomalous and not used for calcuiation of 
the five-point running averages unless two 
samples in a row exceed the mean 
concentration. 


Constituents for Analyses 


Two categories of constituents for analysis shall be 
used while monitoring - indicator parameters with Alert 
Levels and comprehensive list of parameters with Maximum 
Groundwater Limits: 


a. Indicator Parameters 


lf laboratory chemical analyses for @ water sample 
would detect concentrations of gross aipha, gross 
beta, and/or any of the selected trace elements in 
excess of the alert levels, the source for the 
water sample would be resampled enc enaiyzed for 
the comprehensive list of parameters: 
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om Hey 
ait, Wd bor 
wee We BY METHOD OF 
on K cee PARAMETER ALERT LEVEL REF I.D.(1) —_ ANALYSIS 
SAW wh (milligrams 
Yak per liter) 
Arsenic 0.025 1 206.2 
Barium 0.5 2 208.1 
Cadmium 0.005 1 21362 
Copper 0.5 2 220.1 
Iron 0.15 ze 236.1 
Lead 0.025 1 239.2 
Manganese Reserved* 2 242.1 
Mercury 0.001 1 245.1 
Nitrate (as N) 5.0 3 --- 
Selenium 0.005 1 270.2 
Silver 0.025 2 Ziead 
Zinc 5.0 2 289.1 
(picocuries 
per liter) 
Uranium (total) Reserved* 9,10 --- 
Gross Alpha Ba 0 4,13 703 
Gross Beta 5.0 4,13 703 


b. Comprehensive List o* Parameters 


The comprehensive list of parameters shall be utilized 
for ail samples during Phase I of Sampling and yearly 
thereafter during Pnese I] at all sampling sites. 

This list will also pe used in the case that the Alert 
Levels for indicator parameters are exceeded and a 
confirmation sample is needed. 


MAXIMUY, GROUND- : METHOD OF 
PARAMETER WATER LIM7TS REF i.D.(2) — anatysrs 
(milii crams 


per sites) 


Alkalinity 


(as carbonate) Reserved* 4 403 
Arsenic 0.05 1 206.2 
Barium 1.0 2 208.1 
Bicarbonate Reserved* 3 305.1 
Cadmium 0.010 1 21302 
Calcium Reserved* 2 2h 5i 1 
Carbonate Reserved* 4 403 
Chloride Reserved* 3 Beds 3 
Chromium (total) 0.05 1 218.2 
Copper 1.0 zZ 220.1 


(1)ccandard references are listed on Attachment I to 
this Permit. 


MAXIMUM GROUND- 
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PARAMETER WATER LIMITS 
(milligrams 
per liter) 

Fluoride 2.4 

Iron 023 

Lead 0.05 
Magnesium Reserved* 
Manganese Reserved* 
Mercury 0.002 
Nitrate (as N) 10.0 
Phosphate Reserved* 
Potassium Reserved* 
Selenium 0.01 
Silver 0.05 
Silica Reserved* 
Sodium Reserved* 
Sul fate Reserved* 
Total Dis- 

solved Solids Reserved* 
Zinc Reserved* 


(micromhos 


QUALITY PROT 
a- 0035-08 


REF 1.D, (2) 


WM TE Mr NYPWHMN KY DS W 


hr WwW 


per centimeter) 


Specific 
Conductance 


Reserved* 


(picocuries 


per liter) 


Gross Alpha 
Gross Beta 
Total Uranium 
Thorium 230 
Redium 226 


15 

50 
Reserved* 
Reserved* 
Reserved* 


CroTITON 
i.Jun 


METHOD OF 


ANALYSIS 


120.1 


705,706 


(1) standard references are listed on Attachment 1 to 


this Permit. - 


* Reserved - Maximum Groundwater Limits she 1 be based 


on the ambien: concentrations o* chemical conszituents 
. A statistical enalysis of tne results 


in oroundwever 


of the Phase : monitoring program shall be used to 
determine the Maximum Groundwater Limits as foilows: 


oO 
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If a primary or secondary drinking water 
standard or Maximum Groundwater Limit has been 
established for a parameter by Arizona State 
regulatory agencies, and if the arithmetic mean 
plus two standard deviations of concentrations 
of the parameter in groundwater samples 
obtained during the pre-mining period does not 
exceed the drinking water standard, the Maximum 
Groundwater Limit shal] be the drinking water 
standard, 


If the arithmetic mean plus two standard 
deviations of concentrations of the parameter 
exceeds an establishec primary or secondary 
drinking weter standard, the Maximum 
Groundwater Limit shail pe the arithmetic mean 
plus two standard deviations of concentration 
of the parameter in groundwater samples. 


(2) If a primery or secondary drinking water 
standard nés not been established by the 
regulatory agencies for & parameter and the 
parameter is detectec in groundwater samples 
during the pre-mining perioc, or if the 
arithmetic mean plus two standard deviations of 
concentrézions in groundwater sampies obtained 
during the pre-mininc perioc exceecs ine 
established drinkine weter standard, tnen the 
Maximum Groundwater Limit shall be tne 
arithmetic mean plus two standard deviations of 
the pre-mining concenzrezions. 


erected during the pre- 
cd, and a prime ry or 
r standard hes not been 


eter iS nov c 
itoring per ; 
secondary crinking we 
established for the pe 
c 


(3) If a param 
mining mon 


5 
eter, the Maximum 

e twice the detection 
ory methoc used, 


Groundwater Limit sh 
limit for the EPA 14 


Monitoring Forms 


All monitoring results shall be recorded and reported on 
the Self-Monitoring Form supplied 2” ADEQ. This form 
should be given to the laboratory performing the analysis. 


Reporting 


The permittee shall submit a repor< Summarizing progress of 
the mine development and monitorin:z resuits on an annual 
basis. The report shal] contain <¢ current site plan, a 
map of the underground mine workincs including elevations, 
and shall indicate the locations cf @€i] monitoring sites 
required by this permit. All ané?xtical monitoring results 
for the previous quarter shall be scstmarked no jater than 


ms att 
ome THEEE EE 
oa ray Reyes 
ae tek 0 4 he 
Wants 
aut 
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the 28th day of the second month following the completed 
reporting period as indicated below: 


Self-Monitoring Report Forms for are due by 
lst Quarter (Jan, Feb, Mar) May 28 
2nd Quarter (Apr, May, Jun) Aug 28 
3rd Quarter (Jul, Aug, Sep) Nov 28 
4th Quarter (Oct, Nov, Dec) Feb 28 


All laboratory reports shall be submitted to the following 
location: 


Arizona Department of Environmental Quality 
OWWQM - Water Pollution/UST Compjiance Unit 
2005 North Central Avenue 

Phoenix, Arizona 85004 


C. Contingency Requirements 


i. 


Should any of the monitoring results required by this 
permit exceed the alert level specifiec for a particular 
parameter, the permittee snei] immediately notify the 
Department of the apparent exceedance anc resample to 
determine the validity of tne sample result. 


In the event that 2 confirmed exceedance of the Maximum 
Groundwater Limit specified in Part JI1.£.2.b. occurs at the 
monitoring well, tne operetor shall submit a report within 
60 days which assesses the impacts from tne exceedance and 
the mining operation. 


In the event that the minimum treeboard requirement 
specified in Part i1.A.1.2. is violatec, the permittee 
shall construct an éedditione) ‘mpounament equivelent in 
construction to the lined impoundment required by Part 
11. A.. a, 


In the event that any porzion of the containment system or 
the septic system fails, resulting in tne violation of 
permit conditions, z=he owner/operator snz11 notify the 
Department's Water Polluzion/¢cT Complience Uniz and the 
Mohave County Heaitn Deparzumer: immecietely to cetermine 
the appropriate action to mitigate tne effects of the 
violation. 


D. Closure/ Post Closure 


: 


The Department shall be nctified in writing at least one 
hundred and eighty (180) cays prior to closure or 
abandonment of the facility. The operetor shall submit and 
have approved an updated Post-closure Pieén prior to this 
time. 
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As we ; 

Oa Upon cessation of mining operations, the operator shall 
implement the closure pian as referenced in the approved 
Plan of Operations. In the event that a geologic formation 
continues to produce water during the operational life of 
the mine, such formation shall be isolated from the lower 
geologic unit by the installation of clay, shale or 
bentonite plugs in both the main shaft, the air shaft and 
the monitoring well. 


3\. Following the expiration date of this permit, the permittee 
shal] continue monitoring listed in Part JI.B.l.c. ona 
Quarterly basis. In the event that &@ Maximum Groundwater 
Limit as described in Part I1.B.2.b. is confirmed to be 
exceeded, the permittee shall immeciately notify the 
Department and, within 30 days of such a violation, submit 
a plan to mitigate the effects of the violation. 


4, In tne event that the septic system is abandoned for any 
reason, any remaining septage sheli be disposed of off-site 
at.a jocation approved to accept sucn wastes. 


E. Compliance Schedule (R-20- 21°) 


1. Within 60 days of the completion of the main shaft sinking, 
the operator shall submit an analysis showing that the 
collection sumps are impermeable anc the sumps do not leak 
or the operator shall provide a pian for containment. 


2. The operetor shall notify the Water Pollution/UST 
Compliance Unit no less than 7 days prior to the 
installetion of the liner specified in Part II.A.1. 
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III. REFERENCES: PERTINENT INFORMATION 


A. Re ferences 


The terms and conditions set forth in this permit have been 
developed based upon the information contained in the following: 


1. Groundwater Field Inspection Form(s) dated 

2. Notice of Disposal dated June 14, 1987 

Bis Groundwater Impact Review dated August 4, 1987 

4. Plan Review File Number 

5. Permit Application dated 

, Groundwater Impact Review dated 

Vs Amendments to 2 and 4 dated 

Ba Public Notice dated September 14, 1°87 

Ss Public Hearing comments, correspondence letters, and any 
additional supplemental information contained in tne 
facility permit file. 

10. Other 


B. Facility Information 


- 


ho 
. 


i. Facility Contact Person 


Acdress 


3. Emergency Telephone Number: B8usiness (__) 
Home (___) 
The Department shall be notified within 30 days of a 
change in the facility contact person. 
4, Landowner of Facijity Site B... LM 
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Definitions 


Ls 


10. 


li. 


"Abandoned" means permanent cessation of facility 
operation, as determined by the facility owner. 
Facilities which are temporarily shut down are not 
considered abandoned within the context of these 
regulations. 


"Activity" means any human activity including 
institutional , commercial, manufacturing, extraction, 
agricultural, or residentia] land use wnich may involve 
disposal of wastes or poljutants which may result in 
pollution of groundwaters of the State. 


“Adverse impact upon groundwater quality" means any 
measurable change to the physical, chemical or 
biological character of groundwater caused by addition 
of pollutants or wastes. 


"Approved" or “approval” means approved in writing by 
the Director. 


"Aquifer" means a geologic unit that contains saturated 
permeable material to yieic usable (drinking water, 
agriculture, industry, etc.) quantities of water w a 
well or spring. 


"Composite sample" means a combination cf 4 individual 
portions obtained at equa] time interve.s for 1 hour, 
The volume of each individu} portion snayi be directiy 
proportional to the discherae flow rave 7 
sampling. The samplinc period shall cci 
period of maximum discherae flow. 
"Department" means the Avizona Department of 
Environmental Quality (A929). 


"Director" means the Direcwr of the Arizona Department 
of Environmental Quality or his duly auctnorized 
representative. 


"Discharge" means the éddition, spillinc, leaking, 
pumping, pouring, emitzince or dumping of any poliutant 
into waters of the State from any point source. 


"Discharge Impact Area" means the potenzial area 

extent of waste or glass e migration, @S projected on 
the land surface, as a resuit of a discherge or disposal 
from a facility. 


"Discrete sample" means any individual sample 
collected in less than 15 minutes. 


iz. 


13, 


14, 


15, 


16. 


a7 


18. 


18. 


20. 


21. 


fe. 


A 
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"Disposal" means the discharge, deposit, well 


injection, dumping, spilling, leaking, or placing of any 


wastes or pollutants into or on any land or water such 
that groundwater is or may be affected. For the 


purposes of this Article, irrigation with effluent from 


a wastewater treatment facility is disposal if the 
application rate exceeds that amount necessary to 


Satisfy the consumptive use and leaching requirements of 


the crop or landscaping being irrigated, 


"Disposal system" means a system for disposing of 
wastes either by surface or underground methods and 
includes sewerage systems, treatment works, disposal 
wells and other systems. 


"Facility" means any system or activity in which or 
by wnich disposal occurs or has occurred on either a 
continuous or intermittent basis. 


"Flow rate" means tne volume per unit time given to 
the flow of fluids. 


"Geologic unit" means a geologic formation, group 
of formations, or part of a formation. 


"Groundwater" means water under the surface of the 
earth regardless of the aevlogic structure in which it 
is standing or moving. Groundwater does not inciude 


water flowing in uncerground streams with ascertainable 


beds and banks, 


"Groundwater Quality Stanaards" means the standards 
in KA.C. R9-21-402. 


"Hazardous waste" means a wascve as defined by the 
! 


Federal Resource Conservation and Recovery Act (P.L. 
580). 


"Hydraulic conductivity" means a measure of the 
capability of a geoiogic unit to transmit a fluic. 


"Individual dispose? system" means a device or 
system for the treectment or disposal of Sewage from a 
singie housing unit or equivalent. 


"Maximum Disposal Limit (MOL)" means the maximum 
permissible level for a contaminant in an effluent 
stream, 


"Maximum Groundwate- Limit (MGL)" means the maximum 
permissible level for a contaminant in water. 


24, 


25 


26. 


a 


28. 


29. 


a0. 


Sls 


32. 


KP 


34, 


Page 15 nf 25 
GROUNDW,  % QUALITY PROTECTION 
PERMIT Nu. G-0035- 08 


"Modification" means a change in the location, 
volume, constituent(s) or constituent concentration(s) 
of a disposal which is described in the permit issued 
pursuant to R9-20-208. 


"Operator" means any person who makes management 
decisions regarding facility operations. 


"Owner" means any person holding legal or equitable 
title in any real property subject to these regulations. 


"Permit" means a rule, certificate, letter, or any 
Other document issued by the Director autnorizing anc 
conditioning the discharge of any pollutant to 
groundweter from any point source or disposal of wastes 
from any disposal system identified in A.R.S. Sec. S6- 
136.4. &. 


"Poljute" means to cause pollution. 


"Regulations" means A.A.C. Title 9, Chapter 20, 
Article 2, requirements for facilities affecting 
groundwater quality. 


"Schedule of compliance" or “compliance scheduie" 

means @ written document issued by the Director which 
jcentifies requirements and times for compliance witn 
either or botn the weter quality standarcs in A.A.C. 
Title 9, Chapter 21 or the permit regulations in AAC. 
Title ©, Chapter 20, 


"Sewage" means wastes from toilets, baths, sinks, 
jévatories, jaunaries end other piumbing fixiwres in 
residences, anc westes from institutions, commercial 
Duildings, mobile nomes and other places cf human 
habitation, employment or recreation which are simiiar 
in content to residential wastes. 


"Site" means tne aree where any facility is 
physicelly locztec or an activity is conducted, 
including adjacent jJand used in connection with the 
fens ,> 

pach 1Tty. 


"Treatment works" means any plant or other works used 
for the purpose of treating, stabilizing, or hoidings 


"Vadose zone" means the zone between the land surface 
and the principie zone of Saturation. 
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Part IV. GENERAL CONDITIONS: RESPONSI BIL? TIES 


A. Permit Duration (R9- 20-210) 


dn 


Permits shall be valid for the expected operational 1i fe 
of the facility under the ownership as set forth in the 
permit unless otherwise limited by Federal or State 
statute or transferred pursuant to R9-20-221.C. 


A permit may be modified or terminated pursuant to RO? 
20-221. 


The owner or operator cf the facility may request that a 
permit be issued for a duration that is less than the 
full allowable term. 


B. Permit Rights (R9-20-214) 


doy 


A permit does not convey any property or water right of 
any sort, or any exclusive priviiege. 


A permit does not authorize any injury to persons or 
property or invasion of otner private rights, or any 
infringement of Federal], State, or local jaws or 
regulations. 


C. Monitoring Requirements; Recond Keepine (RO 20- 215 ) 


bi 


The permittee shall impiement anc maintain an approved 
monitoring system if required as @ condition of 2a 
permit. 


a. The permittee sheii install, use anc maintein all 
monitoring equipment in accestable condition or 
provide altemate methods approved by the 
Department. 


b. The permittee is required to conduct monitoring of 
a type and frequencs sufficient to yield Gate which 
are representative cf tne monitored activity. 


The permittee shall rezvein records or have access to all 
monitoring information, for @ period of at jeest three 
(3) years from the dete cf the sample, or measurement. 
This period may be extendec by written request of the 
Department at any tim. Copies of records shal} be 
furnished to the Depaviment upon written request, 


a. Records of monitoring information shell inciude but 
are not limited to tne following: 


(1) The date, zime, exact place, and nam of 
individuel,s) woo performed the sampiing or 
mea surinc; 
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(2) tne date(s) of, and name(s) of the individual(s) 
who performed the analyses; and 


(3) the analytical techniques or methods used to 
perform the analyses. 


b. Monitoring results shall be reported at intervals 
specified in the permit. 


om Calculations which require the averaging of 
measurements shall utilize an arithmetic mean 
unless it can be demonstrated by the permittee that 
another method would more accurately describe or be 
representative of the monitored activity. 


3. Information submitted as a resuit of any well boring 
shal] include « complete driller's log and drawings 
showing details of the well's construction. If 
information must be submitted more than once for the 
same well, then subsequent submittals shall note that 
the driller's iog ard construction drawings have already 
been submitted and the date of the initial submittal 
shall be documented. 


D. Reporting Requiremerts (2S 20-216 ) 


1. Tne permittee snall give ninety (90) days wrizten 
advance notice to tne Department of any modification to 
the facility wnich is not described in the approved 
Notice of Disposal or permit application. 


2. Tne permittee snall notify the Department within seventy 
two (72) hours of becoming aware of any permiz 
violation. Tne Department may require the permittee to 
submit a written report within thirty (30) davs 
documenting the foliowing: 


a. A description of the noncompliance and its cause; 


D. the perioc of noncompliance, including exact 
date(s) arid time(s), and tne anticipated time 
period during which the noncompliance is expected 
tO COntinue if it hes not deen completely 
correctec; 


c. action taken or planned to reduce, eliminate, and 
preven. reoccurrence of tne noncompliance: If 
applicable, such action shell be in accordance with 
an approved contingency pian; 


d. monitorine or other information which indicates 
that any waste or pollutant may cause an 
endangerment to an aquifer; and 


Es 
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e. noncompliance with a permit condition, or 
malfunction of the disposal system which may cause 
fluid migration into or between aquifers. 


Tne Department shall be notified in writing at least one 
hundred eighty (180) days prior to abandonment of the 
facility. 


a. The permittee may be required to submit a detailed 
post-closure plan to the Department for approval 
which shail describe what the physical condition of 
the facility will be on the date operations are 
terminatec. 


b. The Department may require the post-closure plan to 
include any or ali of the following: 


(1) A description of monitoring procedures to be 
impjiemented by the permittee including 
monitoring frequency, type, anc iocetion 
wnich will be implemented to ensure post- 
closure activities will not vioiate 
groundwater quality standards; 


(2) @ description of procedures for maintaining 
existing groundwater quality protection 
SYSTEMS ; 

(3) schedule and description of physical 


é 
ins porate iene to be conducted at <n facility 
foi iowing abandonment; 

(4) a description of future land or water uses 
or Doth which may be precluded 2s a result 
of facility abandonment; and 


(5) 


ntificetion of responsibilities for post- 
ure cleanup or remedial action in the 


t of pollution of waters of ine State. 


m ©) a 
uu 


Site Examination (2 ¢-20-217 } 


i 


Tne Department may rouzinely inspect the facility or an 
activity usec “or the ceneration, storage, treatment, 
collection, or dispose? of any waste or poli 
whe re records ere kept, for the purpose of aeiermining 
compliance witr these regulations or water cuelity 

standards, or verifying information submiztec in a 
Notice of Disposal, or permit applicetion, or documented 
in a@ permit including any permit conditions. 


The Departmen may: 


a. Obtain sempies of wastes or pollutancs; 
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dD. analyze or cause to be analyzed any samples either 
on site or at another location; 


€. take photographs of waste and equipment processes 
and conditions at the site; or 


d.. inspect and copy any pertinent records, reports, 
information, and test results. 


Ove Any pertinent information required by the permit to be 
maintained by the permittee snall be available for on- 
Site inspection during normal business hours. Split 
samples and copies of photographs will be provided to 
the facility owner or operetor if the owner or operator 
requests them at the time the sample(s) is obtained or 
tne photograph(s) is taken as the case may be. 


4, Inspections shall be conducted pursuanz to the 
appropriate provisions of che Arizona Revised Statutes 
and policies established by the Department. 


Proper Operation and Maintenance (29-20-218) 


The permittee shall] at all times maintain in good working 
order and operate properly ail treatment works installed or 
used for water pollution control] and abatement to achieve 
compliance with the terms anc conditions of the permit and 
water ouality standards. If required by Article 5 of AAC. 
Title ©, Chapter 20, the permittee shall retain the services 
of an operator certified by tne Department et the level 
appropriate to the permitted facility. 


Permit Conditions (RO 20- 220) 


Ly Duty to Mitigate 


Tne permittee shal] take all steps to minimize and 
correct any adverse impact on groundweter quality és 
defined in A.A.C. Title 9, Chapters 20 and 21 resulting 
from noncompliance with the permit. 


ee Duty to Reapply 


]* a permittee has not been issued a permit for the life 
of the facility, @ renewal application in the form of an 
amended Notice of Disposal or permit application shall 
be submitted to the Department no less than one huncred 
eighty (180) cays prior to expiration of the existing 
permit. 


3s Duty to Comply 


Tne permittee shall compiy with all terms and conditions 
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of the permit, and take such action as is necessary 
ensure compliance. 


HK, Permit Actions (R9-20-221 ) 


ie 


This permit may be modified, transferred, renewed, or 
revoked for cause. The filing of a request by the 
permittee for a permit action aoes not stay any existing 
permit condition, 


Permit Modification 


a. 


Request for modification of a permit may be made by 
the permittee, the Department, or any affected 
person and shel] identity tne specific item(s) to 
be considered for modification. 


Public requests for moditicetion of a permit shall 
be in writing w the Depariment and shail convain 
technical facts or reasons which justify the 
requested changes, The [Department upon receipt of 
the request will notify <ne permittee, and evéjuate 
and determine whether any request for modification 
shall be granted. 


The permittee may be required to submit additional 
information, including an updatea Novice of 
Disposal or permit applicecvion. 

Only those items cons ide: 
changed, and @:} other 
permit will reméin in ef 


m (© 


d for modivication may be 
citions of the existing 


Tne following circumstances salina occurrences shal] 
require modification cf @ permi 
(1) Modification to the facility, which justify 


applicézion of permit conditions chat ere 
different from or edsent in the existing 


permit; 

(2) other information thet was not availabie 
when the existing permit wes fest and 
which ist hee aopiication of  fferen it 
permit conditions; 

(3) changes *n the resujetions or standards upon 
which tne permit wes basec which have seen 
mace afver the permit was issuec; 


(4) good ca: se exists “or changes ina 
compliance scheauie because of conditions 
over which the permittee has little or no 


control, ana a cn ange to the permit by 
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modification is a reasonable remedy; 


(5 ) reason(s) exists for revocation of the 
permit, and the Department determines that 
modification is an appropriate method for 
change; and 

(6 ) amendment to an approved abandonment plan or 


contingency plan or any other portion of an 
approved Notice of Disposal or permit 
application. 


Tne suitability of the location of the facility 
wiil not be reconsidered during the process of 
changing the permit unless new information or 
change to regulations indicate that a violation of 
adopted groundwater quelity standards exist arid no 
Other action is possibi€é to mitigate tm violation 
anc comply with groundwater quality standards. 


The Department will publish a notice of intent 
pursuant to R920-223 to modify a permit before any 
final action is taken. 


With the concurrence of the permittee, the 
Department may make minor modifications to a permit 
for any of the following reasons: 

(1) Jo correct typographical errors; 


(2 ) to require more or jess frequent monitoring 
or reporting by tne permittee; 


(3) to change an interim compliance czte ina 
schedule of compiiance, proviaec une new 
Gate is not move z=nen sixty (60) cays after 


Ss aft 
the date specifieéc in the existine permit 
and does not interfere with attainment of 
tne final compliance date requirement; 


(4) to change quantities or types of fluids 
cischarged which ere within tne capacity of 
tne facility as permitted, anc in the 
judgment of the Depertment wouid not 
interfere with tne operation of the facility 
or its ability tc meet conditions prescribed 
in the permit, anc would not change it 
Ciassification, i7 tne facility is an 
injection well; or 


-— 
or 
sd 


to change construction requirements approved 
by the Departmen:, provided thet any such 
elteration shali comply with the 
requirements of these reguiations. 
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Permit Trans fer 


a. This permit is transferrable to any person after 
thirty (30) days advance written notice to the 
Department. The Department may require 
modification of the permit to change the nam of 
the permittee and incorporate any requirements 
which may be necessary to ensure compliance with 
State statutes and regulations. 


b. The permittee shall notify by registered letter a 
new owner or operator of a permitted facility o7 
the existence of the permit thirty (30) days prior 
to transfer of responsibility. Tne notice shali 
include a copy of the permit. A copy of the jexter 
shall be transnitted to the Department. 


Cs The new owner or operator shai] be responsible for 
compliance with the permit upon transfer of 
Ownership or operation without regard to wnether 
said owner or operator has in fact received the 
notice required by R9-20-221.C.2. 


cd. Permit transfer does not absolve the previous 
permittee of any liability existing at or before 
the time the permit was transferrec. 


Permit Revocation 


a. Request for revocation of a permit may be made bv 
the permittee, Department, or any affectec person, 


D. Public requests for permit revocetion shall be in 
writing to the Department and snheiji convein 
technical facts or reasons which justify tne 
requested action. The Department upon receipt oF 
the request will notify the permittee and evalucte 
the request and determine whether any request for 
revocation should be granted. 


C. Revocetion of a permit is. initiated when ‘ne 
Department issues a notice of intent to revoke a 
permiz pursuany to R9-20-223 to the permittee end 
may be initiated for the following reasons: 


(1) Noncompliance by the permittee with any 
permit condition; 


(2) deliberate failure by the permittee to fuliy 
disclose all relevant faczs when applying 
for a permit; 
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(3) intentional or deliberate misrepresentation 
of any relevant fact at any time by the 
permittee; or 


(4) if it is determined by ADEQ that the 
permitted activity is causing a violation of 
groundwater quality standards and such 
violation can only be regulated to 
acceptable levels by revoking the permit. 


d, If disposal] to an aquifer causes a clear, present, 
and immediate danger to tne health or welfare of 
persons, the Department may immediately suspend a 
permit. Within fourteen (14) days of the 
suspension, the Department shall issue a novice of 
intent to revoke the permit. The permit snaili be 
considered revoxed thirty (30) days after the 
notice of intent is issued by the Department uniess 
and until & hearing is requested by the permittee 
pursuant to R9-20-222, 


I. Confidentiality of Information (Ro 20-224) 


Any information submitted to or obtained by the 
Department pursuant to these regulations may be ciaimed 
zs confidential by tne facility owner or operéwr. Any 
such claim shaij] be esserted at the time the informazion 
is submitted or obtained. If no claim is made at thet 
time, the Department may make the information avai iadle 
to the public without further notice. 


Ciaims of conficentiglity for the following informetion 
snall be deniec: 


2. The name and address of eny permit applicant or 
permittee; or 


b. information which deals with the present or future 
existence, absence, or jevel of waste(s) or 
pollutants) in water. 


Criteria for determining confidentiality are: 


Siva A confidentiality claim hes been made at the time 


the information was submitted or obtainec; 


b. the facilizy owner or operator has shown thet 
reasonable measures have Deen taken to protect the 
confidentiality of the information, and intends to 


continue to take such measures; 


Cs the informetion is not, and has not been, 
reasonably obtzinable without the facility owner or 
operator's consent; 


J. 


See 2/1/1999 memoffile to 
Craig DeWalt (ADEQ) from 
Donn Pillmore (Energy Fuels/ 
International Uranium) 
Some reported 
concentrations of U in 
groundwater monitoring were 
lower than the detection limit 
for the method used. 
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d. no statute specifically requires disclosure of the 
information; and 


e. the facility owner or operator has shown that 
disclosure of the information is likely to cause 
harm to it's competitive position; or, the 
information is voluntarily submitted and disclosure 
would be likely to impair the State's ability to 
obtain necessary information in the future. 


Enforcement and Penalties (f S-20-225) 


Any person who constructs, operates, or maintains a facility, 
disposal system, or introduces wastes or pollutants to waters 
of the State contrary to tne provisions of this permit, 
falsifies data or information submitted to the Department as 

result o e requirements of this permit, or otherwise 
violates the provisions of this permit, shall be subject to 
enforcement and penalties pursuant but not limited to A.R.S. 
36-1864 .01. 
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PART V. GROUNDWATER QUALI TY STANDARDS 
A. General Standards Applicable to all Groundwaters (R% 21-403) 


ci Discharges of any pollutants and disposal of any wastes 
shall not impair the uses which have been made, are 
being made, or will be made of groundwater for every 
purpose, 


2. Discharges of any pollutants and disposal of any wastes 
to groundwaters of the State shall not cause a public 
health hazard. 


3. Disposal of any hazardous waste, radioactive waste or 
Other waste shall not cause toxic substances to be 
present in groundwaters of the State in concentrations 
which are or may be hazardous to public health or which 
interfere with present and future uses of the 
groundwater. 


4, Discharges of any pollutants and disposal of any wastes 
to groundwaters of the State shall not directly or 
indirectly cause violation of surface water quality 
standards established pursuant to Article 2 of this 
Chapter, 
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“ GROUNDWATER QUALI ‘Y TION 
PERMIT NO. G- 


AUTHORIZATION FOR FACILITY OPERATION SUCH THAT GROUNDWATER QUALITY 
OF THE STATE OF ARIZONA IS NOT ADVERSELY IMPACTED. 


In compliance with the provisions of A.R.S. 36-1851 et seq; A.A.C. 
Title 9, Chapter 20, Article 2; A.A.C. Title 9, Chapter 21, 
Article 2; and conditions set forth in this permit: 


Facility Name: Operator: 


Hermit Mine Energy Fuels Nuclear, Inc. 
One Tabor Center, Suite 2500 
1200 Seventeenth Street 
Denver, Colorado 80202 


is authorized to operate the Hermit Mine, an underground uranium 
mine located approximately 21 miles south of Fredonia, Arizona in 
Mohave County over the groundwaters of Kanab Plateau Basin in 
Township 38 North; Range 4 West; Section 17, W 1/2 SW 1/4 - Gila 
and Salt River Base Line and Meridian. 


This permit shall become effective on the date of signature and 
shall be valid for 15 years provided that the facility is operated 
and maintained in compliance with the specific conditions, general 
conditions, and information documented or referenced in Parts I, 
Il, III and IV of this Permit and such that groundwater quality 
standards are not violated (Part V). 


Ph.D., Assistant Director 


Legal and Regulatory Affairs Afizona Department of Environmental Quality 
Energy Fuels Nuclear, Inc. 


TAK L 


Signed this i — day of Signed this OH > dee at 


19 58 Vecsey / 
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Part Il. SPECIFIC CONDITIONS (R9-20-208.C) 


A. Disposal/Containment Requirements 


1. Facility Water Containment 


The facility shall be designed, constructed and 
maintained such that there will be no migration of 
wastes or pollutants either directly to groundwater or 
to the vadose zone. 


a. The operator shall be restricted to the disposal of 
mine water and runoff from a 23-acre uranium mine 
site to a lined impoundment. All waters pumped 
from the underground and all runoff from the 23- 
acre mine operation's area shall be directed to the 
lined impoundment. The 12.6-acre-foot impoundment 
shall be lined with synthetic material equivalent 
to 36 mil Hypalon. The underlying surface shall 
contain no gravels greater than 1/4 inch. The 
Operator shall maintain a minimum of 3-acre feet 
(2.4 feet) of freeboard in operating the 
impoundment. The operator shall maintain a reserve 
area for the construction of an additional lined 
impoundment following authorization for an increase 
in the mine yard disturbance area. The use of 
enhanced evaporation techniques shall be allowed as 
an alternative for controlling water level in the 
lined impoundment. 


b. The ore storage pads shall be constructed of 
crushed and compacted limestone and/or shale not 
less than 12 inches in thickness. The ore storage 
pads shall be sloped toward the edges and a runoff 
collection structure shall be constructed to ensure 
that all runoff from the ore piles shall be 
directed to the lined impoundment. 


c. The operator shall construct storm water diversion 
structures, as referenced in "Hydrologic 
Evaluations for the Proposed Hermit Uranium Mine", 
Dames & Moore, 1987, to control waters from no less 
than a 100-year, 24-hour precipitation event. The 
diversion structures shall be constructed from 
borrow material from within the operations area and 
shall be protected with heavy riprap. All 
construction shall be performed to prevent runoff 
from the mine operations area. 


2. Sewage Disposal 
The permittee is restricted to dispose the sewage 


generated from the travel trailers, office and host 
buildings into a septic tank and associated leach 


* Page 3 - 


GROUNDh ck QuaLITY PROTECTION 
PERMIT NO. G-0035-08 


lines. The septic tank, constructed in accordance with 
plans approved by the Mohave County Health Department, 
shall have a capacity of no less than 1,600 gallons and 
receive a maximum of 1,000 gallons per day of sewage. 


Unauthorized Materials 


a. Materials authorized to be disposed of in the lined 
impoundment shall not include any materials that0O 
cause deterioration of the pond liner as indicated 
by the manufacturer's specifications for the liner 
material. 


b. Materials authorized to be disposed of in all 
septic tanks are typical household sewage and shall 
not include mine water, motor oil, gasoline, 
paints, varnishes, laboratory wastes, solvents, 
fertilizers, pesticides or other materials not 
generally associated with toilet flushing, food 
preparation, laundry and personal hygiene. 


c. Adequate supervision and operation shall be 


performed to ensure that all users of the facility 
are aware of and understand the 
containment/disposal requirements of Part II.A.1. 


Discharge Source Limits 


Total domestic wastewater flow from the facility shall 
not exceed 1,000 gallons per day. 


Mining Limit 


Total depth of the mine workings shall not exceed 1,500 
feet below land surface. 


Modification 


This permit is issued contingent upon the above 
conditions. The permittee shall give ninety (90) days 
written advance notice to the Department of any 
modification to the above facility. 


Other Laws and Rules 


The operator must maintain compliance with all other 
State of Arizona laws and rules. The issuance of this 
permit does not waive any federal, state, county, or 
Jocal government rules, regulations, or permits for 
which this facility may have to comply. 


B. Monitorin 


: 
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Requirements, Record Keepin R9-20-215 


1. Monitoring shall be conducted in three phases: 


Phase I - Pre-Mining - Ambient Groundwater 


Char acterization 


Phase II - Mining - Evaluation of Possible Impacts 


Phase III- Post-Mining - Evaluate the Effectiveness of 


Major cations and anions in monitoring 
samples suggest one of the perched wells 


Closure Activities. 
Phase I - Pre-Mining 


The purpose of Phase I monitoring is to determine 
baseline, the ambient groundwater 

characteristics. Ambient groundwater shall be 
defined as the arithmetic mean plus two Standard 
deviations of the chemical concentrations for each 
parameter. 


(1) The regional aquifer shall be sampled at the 
monitoring well, Department of Water 
Resources Well Registry No. 55-518877 as 


were used for sampling. Well 55-518877 was a located at and constructed as described in 


R/M water well 
Pre-mining groundwater samples were 


Section 3.c. of the Notice of Disposal. The 
operator shall monitor this water 


collected from a livestock well and boreholes Suppl y/monitoring well quarterly for the 


parameters listed in Part II.B.2.b. 


(2) Water producing zones shall be monitored in 
the shaft during shaft sinking. Water 
quality and quantity shall be taken from 
every geologic unit which produces water at 
the time of shaft penetration and quarterly 
thereafter until mining commences. 


(3) Sixty (60) days after obtaining all of the 
Phase I water quality data as described 
above, the permittee shall submit a report 
to the Department's Water Permits Unit which 
summarizes the water quality data and 
establishes the Maximum Groundwater Limits 
for each sampling parameter. The 
Comprehensive List of Parameters listed in 
Part I11.8.2.b. shall be utilized for this 
sampling report. 


Phase II - Mining 
The purpose of monitoring during the mining phase 


is to determine what impacts, if any, the operation 
is having on the groundwater quality. 


eee lace blocked: anen. vwotdl: 


The opaveter— gle evacvale Oo 
minimus of three boretmba volumes or 
vndil fia pH, speee condvatence and 
temperatve have stabilized witli. 10 7 |. 
for He previovs Awvee meaturenets , 


whs'chearer- nepreseuks tHe greater volume 


Page 5 | 
GROUNDw. .cr QuaLITY PROTECTION 
PERMIT NO. G-0035-08 


Discharge Monitoring 


On an annual basis the effluent from the 
septic system shall be sampled and analyzed 
for those parameters listed in Part 
I1.B.2.b. The sampling point shall be 
located after the effluent flows from the 
septic tank and before disposal to the leach 
trenches. 


Impoundment Monitoring 


The operator shall inspect the impoundment 
for mechanical damage, seam failure and 
maintenance of freeboard on a daily basis. 


Groundwater Monitoring 


The operator shall monitor the water 

suppl y/monitoring well, Department of Water 
Resources Well Registry No. 55-518877, 
quarterly for the parameters listed in Part 
II1.B.2.a. and annually for the parameters 
listed in Part I1.B.2.b. Static water level 
in the well shall be measured and recorded 
prior to sample pumping. If the well is 
used for production, pumping shall be 
suspended for 24 hours prior to observing 
the static water level e operator sha 
evacuate at Teast one bore volume prior to 
sampling the monitoring well. 
pumped shall be recorded. The water purged 
from the well shall be contained in the 
lined impoundment, stored in impervious 
containers, or used at the mine site. 


Mine Inflow Monitoring 


Mine inflows shall be monitored in the shaft 
and at the mine sump. Within the shaft, 
water quality and quantity shall be 
monitored annually from each geologic unit 
which continues to produce water for the 
parameters listed in Part II1.B.2.b. Water 
quality analysis shall not be subject to 
Maximum Groundwater Limits. 


Inflows within the mine shall be monitored 
at the mine sump for quality by quarterly 
sampling and analysis for the parameters 
listed in Part I1.B.2.a. and annually for 
the parameters. listed in Part 11.B.2.b. 
Quantity of mine inflows shall be estimated 
on a quarterly basis taking into account the 
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consumption of water by underground drilling 
and dust control, and the return flows from 
these operations. Any significant inflows 
shall be depicted on a mine map and 
submitted to ADEQ as part of the quarterly 
report. 


c. Phase III - Post-Mining 


The purpose of monitoring during the post-mining 
phase is to determine the effectiveness of the 
closure activities. 


The operator shall continue to monitor the water 
sampling/monitoring well, Division of Water 
Resources Well Registry No. 55-51877 semiannually 
during a minimum period of fifteen 
the parameters in Part II Dig 
Groundwater Limits shall be those calcul ated 
Phase II (mining) groundwater monitoring. 


surth dhe exception of 
gress beta particle activity, 
whieh shall be menitoved 
on an annual basis. 


Constituents for Analyses 


mee TF tle results of gress 
alpha. porhele achuchy exceed 
IS preoeunes per liter CIS 
pci fi.J He peruthee shall 
determne He adjusted gus 
a Ipha particle Gest vtty 1 whyel 
is He = messuved: gm a| phe 
parttle actiucty minus de © 
ach due +e uvantow (tetot) 
ank radon -227. 


Two categories of constituents for analysis shall be 
used while monitoring - indicator parameters with Alert 
Levels and comprehensive list of parameters with Maximum 
Groundwater Limits: 


a. Indicator Parameters 


If laboratory chemical analyses for a water sample 
would detect concentrations of gross alpha, gross 
beta, and/or any of the selected trace elements in 
excess of the alert levels, the source for the 
water sample would be resampled and analyzed for 


Many of post-ming monitoring the comprehensive list of parameters: 


gross alpha measurements 
suggest this was only the radium 
gross alpha and not the total 
gross alpha 
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METHOD OF 

PARAMETER ALERT LEVEL REF 1.p.(1) — ANALYSIS 

milligrams 

per liter) 
Arsenic Reserved* 1 206.2 
Barium Reserved* 2 208.1 
Cadmium Reserved* 1 21382 
Copper Reserved* 2 220.1 
Iron Reserved* 2 236.1 
Lead Reserved* 1 239.2 
Manganese Reserved* 2 242.1 
Mercury Reserved* 1 245.1 
Nitrate (as N)  Reserved* 3 --- 
Selenium Reserved* 1 270.2 
Silver Reserved* 2 272.1 
Zinc Reserved* 2 289.1 

(picocuries 

per_ liter) 
Uranium (total) Reserved* 9,10 --- 
Gross Alpha Reserved* 4,13 703 
Gross Beta Reserved* 4,13 703 


(1) standard references are listed on Attachment I to 
this Permit. 


* Reserved - Alert levels shall be established once 
Phase I - Premining Ambient Groundwater 
Characterization, has been completed and evaluated by 
the Department. 


Comprehensive List of Parameters 


The comprehensive list of parameters shall be utilized 
for all samples during Phase I of sampling and yearly 
thereafter during Phase II at all sampling sites. 

This list will also be used in the case that the Alert 
Levels for indicator parameters are exceeded and a 
confirmation sample is needed. 


MAXIMUM GROUND- METHOD OF 

PARAMETER WATER LIMITS REF 1.p.(1) ANALYSIS 

milligrams 

per_ liter) 
Alkalinity 

(as carbonate) Reserved** 4 403 

Arsenic Reserved** 1 206.2 
Barium Reserved** 2 208.1 
Bicarbonate Reserved** 3 305.1 
Cadmium Reserved** 1 213.2 
Calcium Reserved** 2 215.1 
Carbonate Reserved** 4 403 


a 
Fa 
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(Cont'd.) 
MAXIMUM GROUND- METHOD OF 
PARAMETER WATER LIMITS REF 1.0. (1) ANALYSIS 
milligrams 
per liter) 
Chloride Reserved** 3 325.43 
Chromium (total) Reserved** 1 218.2 
Copper Reserved** 2 220.1 
Fluoride Reserved** 3 340.2 
Iron Reserved** 2 236.1 
Lead Reserved** 1 239.2 
Magnesium Reserved** 2 243.1 
Manganese Reserved** 2 243.1 
Mercury Reserved** 1 245.1 
_ Nitrate (as N)  Reserved** 3 --- 
Phosphate Reserved** 4 424 
Potassium Reserved** 2 258.1 
Selenium Reserved** 1 270.2 
Silver Reserved** 2 272.1 
Silica Reserved** - --- 
Sodium Reserved** 2 273.1 
Sul fate Reserved** 3 315.3 
Total Dis- 
solved Solids Reserved** 3 160.3 
Zinc Reserved** 2 289.1 
(micromhos 
per centimeter) 
Specific 
Conductance Reserved** 3 120.1 
(picocuries 
per liter) 
Gross Alpha Reserved** 4,13 703 
Gross Beta Reserved** 4,13 703 
Total Uranium Reserved** 9,10 --- 
Thorium 230 Reserved** 9,10 --- 
Radium 226 Reserved** 4,7 705,706 
adliumn 228 Reserve EPA %O4+ 


1 Standard references are listed on Attachment I to 
this Permit. 


** Reserved - Maximum Groundwater Limits shall be 
based on the ambient concentrations of chemical 
constituents in groundwater. A statistical analysis 
of the results of the Phase I monitoring program shall 
be used to determine the Maximum Groundwater Limits as 
follows: 


—™ 
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(1) If a primary or secondary drinking water 
standard or Maximum Groundwater Limit has been 
established for a parameter by Arizona State 
regulatory agencies, and if the arithmetic mean 
plus two standard deviations of concentrations 
of the parameter in groundwater samples 
obtained during the pre-mining period does not 
exceed the drinking water standard, the Maximum 
Groundwater Limit shall be the drinking water 
Standard. 


If the arithmetic mean plus two standard 
deviations of concentrations of the parameter 
exceeds an established primary or secondary 
drinking water standard, the Maximum 
Groundwater Limit shall be the arithmetic mean 
plus two standard deviations of concentration 
of the paraneter in groundwater samples. 


(2) If a primary or secondary drinking water 
standard has not been established by the 
regul atory agencies for a parameter and the 
parameter is detected in groundwater samples 
during the pre-mining period, or if the 
arithmetic mean plus two standard deviations of 
concentrations in groundwater samples obtained 
during the pre-mining period exceeds the 
established drinking water standard, then the 
Maximum Groundwater Limit shall be the 
arithmetic mean plus two standard deviations of 
the pre-mining concentrations. 


(3) If a parameter is not detected during the pre- 
mining monitoring period, and a primary or 
secondary drinking water standard has not been 
established for the parameter, the Maximum 
Groundwater Limit shall be twice the detection 
limit for the EPA laboratory method used. 


Monitoring Forms 


All monitoring results shall be recorded and reported on 
the Self-Monitoring Form supplied by ADEQ. This form 
should be given to the laboratory performing the analysis. 


Reporting 


The permittee shall submit a report summarizing progress of 
the mine development and monitoring results on an annual 
basis. The report shall contain a current site plan, a 
map of the underground mine workings including elevations, 
and shall indicate the locations of all monitoring sites 
required by this permit. All analytical monitoring results 
for the previous quarter shall be postmarked no later than 
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the 28th day of the second month following the completed 
reporting period as indicated below: 


Self-Monitoring Report Forms for are due by 
lst Quarter (Jan, Feb, Mar) May 28 
2nd Quarter (Apr, May, Jun) Aug 28 
3rd Quarter (Jul, Aug, Sep) Nov 28 
4th Quarter (Oct, Nov, Dec) Feb 28 


All laboratory reports shall be submitted to the following 
location: 


Arizona Department of Environmental Quality 
OWQ - Water Pollution/UST Compliance Unit 
2005 North Central Avenue 

Phoenix, Arizona 85004 


Contingency Requirements or « Maxtmum Grounduweale— Lie 


1. Should any of the monitoring results required by this 
permit exceed the alert level*specified for a particular 
parameter, the permittee shall immediately notify the 
Department of the apparent exceedance and resample to 
determine the validity of the sample result. 


2 In the event that a confirmed exceedance of the Maximum 
Groundwater Limit specified in Part I11.B.2.b. occurs at the 
monitoring well, the operator shall submit a report within 
60 days which assesses the impacts from the exceedance and 
the mining operation. 


36 In the event that the minimum freeboard requirement 
specified in Part II.A.1l.a. is violated, the permittee 
shall construct an additional impoundment equivalent in 
construction to the lined impoundment required by Part 
Tl oAe Laie 


4, In the event that any portion of the containment system or 
the septic system fails, resulting in the violation of 
permit conditions, the owner/operator shal notify the 
Department's Water Pollution/UST Compliance Unit and the 
Mohave County Health Department immediately to determine 
the appropriate action to mitigate the effects of the 
violation. 


Closure/Post Closure 


1. The Department shall be notified in writing at least one 
hundred and eighty (180) days prior to closure or 
abandonment of the facility. The operator shall submit and 
have approved an updated Post-closure Plan prior to this 
time. 
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Upon cessation of mining operations, the operator shall 
implement the closure plan as referenced in the approved 
Plan of Operations. In the event that a geologic formation 
continues to produce water during the operational life of 
the mine, such formation shall be isolated from the lower 
geologic unit by the installation of a clay plug, a 40% 
clay/60% crushed shale plug or a bentonite plug in the main 
shaft, the air shaft and the monitoring well. 


The operator shall submit construction plans, 
specifications and techniques for the installation of the 
plugs, for the Department's approval, sixty (60) days prior 
to their installation. 


Following the expiration date of this permit, the permittee 
shall continue monitoring listed in Part II.B.1.c. ona 
quarterly basis. In the event that a Maximum Groundwater 
Limit as described in Part I1.B.2.b. is confirmed to be 
exceeded, the permittee shall immediately notify the 
Department and, within 30 days of such a violation, submit 
a plan to mitigate the effects of the violation. 


In the event of abandonment, the septic tank shall have the 
sewage removed therefrom and be completely filled with 
earth, sand, gravel, or concrete. The top cover over the 
septic tank shall be removed before filling and the filling 
shall extend to the level of the top of the ground. 


Compliance Schedule (R-20-219 


di 


Within 60 days of the completion of the main shaft sinking, 
the operator shall submit an analysis showing that the 
collection sumps are impermeable and the sumps do not leak 
or the operator shall provide a plan for containment. 


The operator shall notify the Water Pollution/UST 
Compliance Unit no less than 7 days prior to the 
installation of the liner specified in Part II.A.1. 


(1) 


(2) 


(3) 


(4) 
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Discharging Monitoring 


On an annual basis the effluent from the septic system from 
the septic system shall be sampled and analyzed for those 
parameters listed in Part II.B.2.b. The sampling point shall 
be located after the effluent flows form the septic tank and 
before disposal to the leach trenches. 


Impoundment Monitoring 


The operator shall inspect the impoundment for mechanical 
damage, seam failure and maintenance of freeboard on a 
daily basis. 


Groundwater Monitoring 


The operator shall monitor the water supply/monitoring well, 
Department of Water Resources Well Registry No. 55- 
518877, quarterly for the parameters listed in Part II.B.2.a 
and annually for the parameters listed in Part II.B.2.b. Static 
water level in the well shall be measured and recorded prior 
to sample pumping. If the well is used for production, 
pumping shall be suspended for 24 hours prior to observing 
the static water level. The operator shall evacuate a 
minimum of three bone volumes or until the pH, specific 
conductance and temperature have stabilized within 10% for 
the previous three measurements, whichever represents the 
greater volume. 


Mine Inflow Monitoring 


Mine inflows shall be monitored in the shaft and at the mine 
sump. Within the shaft, water quality and quantity shall be 
monitored annually from each geologic unit which continues 
to produce water for the parameters listed in Part II. B.2.b. 
Water quality analysis shall not be subject to Maximum 
Groundwater Limits. 


Inflows within the mine shall be monitored at the mine sump 
for quality by quarterly sampling and analysis for the 
parameters listed in Part II.B.2.a and annually for the 
parameters listed in Part II.B.2.b. Quantity of mine inflows 
shall be estimated on a quarterly basis taking into account the 
consumption of water by underground drilling and dust 
control, and the return flows from these operations. Any 
significant inflows shall be depicted on a mine map and 
submitted to ADEQ as part of the quarterly report. 
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Phase III-Post-Mining 


The purpose of monitoring during the post-mining phase is to 
determine the effectiveness of the closure activities. 


The operator shall continue to monitor the water 
sampling/monitoring well, Division of Water Resources Well 
Registry No. 55-51887 semiannually during a minimum 
period of fifteen (15) years for the parameters in Part 
II.B.2.b., with the exception of gross beta particle activity, 
which shall be monitored on an annual basis. The maximum 
Groundwater Limits shall be those calculated for Phase II 
(mining) groundwater monitoring. 


If the results of gross alphaparticle activity exceed 15 
picocuries per liter (15 pCi/L) the permittee shall determine 
the adjusted gross alpha particle activity, which is the 
measured gross alpha particle minus the particle activity due 
to uranium (total) and radon-222. 


Constituents for Analyses 


Two categories of constituents for analysis shall be used 
while monitoring-indicator parameters with Alert Levels and 
comprehensive list of parameters with Maximum 
Groundwater Limits: 


a. Indicator Parameters 


If laboratory chemical analyses for a water sample 
would detect concentrations of gross alpha, gross 
beta, and/or any of the selected trace elements in 
excess of the alert levels, the source for the water 
sample would be resampled and analyzed for the 
comprehensive list of parameters: 
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(Cont'd.) 
PARAMETER MAXIMUM GROUND REFI.D. ) METHOD OF 
WATER LIMITS ANALYSIS 
(milligrams per liter) 
Chloride Reserved** 3 325.3 
Chromium(total) Reserved** 1 218.2 
Copper Reserved** 2 220.1 
Fluoride Reserved** 3 340.2 
Iron Reserved** 2 236.1 
Lead Reserved** 1 239.1 
Magnesium Reserved** 2 243.1 
Manganese Reserved** 2 243.1 
Mercury Reserved** 1 245.1 
Nitrate (as N) Reserved** 3S wee 
Phosphate Reserved** a 424 
Potassium Reserved** 2 258.1 
Selenium Reserved** 1 270.2 
Silver Reserved** 2 272.1 
Silica Reserved** en 
Sodium Reserved** 2 273.1 
Sulfate Reserved** 3 375.3 
Total Dissolved 
Solids Reserved** 3 160.3 
Zinc Reserved** 2 289.1 


(micromhos per centimeter) 


Specific 

Conductance Reserved** 3 120.1 
(picocuries per liter) 

Gross Alpha Reserved** 4,13 703 

Gross Beta Reserved** 4,13 703 

Total Uranium Reserved** 910 — — — =---- 

Thorium Reserved** 910  =---- 

Radium 226 Reserved** 4,7 705,706 

Radium 228 Reserved** EPA 904 


() Standard references are listed on Attachment I to this Permit. 


**Reserved-Maximum Groundwater Limits shall be based on the ambient 
concentrations of chemical constituents in groundwater. A statistical analysis 
of the results of the Phase I monitoring program shall be used to determine the 
Maximum Groundwater Limits as follows: 
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the 28th of the second month following the completed reporting 
period as indicated below: 


Self-Monitoring Report Forms for are due by 
1st Quarter (Jan, Feb, Mar) May 28 
2nd Quarter (Apr, May,Jun) Aug 28 
3rd Quarter (Jul, Aug, Sep) Nov 28 
4th Quarter (Oct, Nov, Dec) Feb 28 


All laboratory reports shall be submitted to the following location: 


Arizona Department of Environmental Quality 
OWQ-Water Pollution/UST Compliance Unit 
2005 N. Central Avenue 

Phoenix, AZ 85004 


C. _Contingency Requirements 


1. Should any of the monitoring results required by this permit exceed the alert 
level or a Maximum Groundwater Limit specified for a particular parameter, 
the permittee shall immediately notify the Department of the apparent 
exceedance and resample to determine the validity of the sample result. 


2. In the event that a confirmed exceedance of the Maximum Groundwater Limit 
specified in Part II.B.2.b. occurs at the monitoring well, the operator shall 
submit a report within 60 days which assesses the impacts from the exceedance 
and the mining operation. 


3. In the event that the minimum freeboard requirement specified in Part II.A.1.a 
is violated, the permittee shall construct an additional impoundment 
equivalent in construction to the lined impoundment required by Part Ii.A.1.a. 


4. In the event that any portion of the containment system or the septic system 
fails, resulting in the violation of permit conditions, the owner/operator shall 
notify the Department's Water Pollution/UST Compliance Unit and the 
Mohave County Health Department immediately to determine the appropriate 
action to mitigate the effects of the violation. 


D. Closure/Post Closure 


1. The Department shall be notified in writing at least one hundred and 
eighty (180) days prior to closure or abandonment of the facility. The 
operator shall submit and have approved an updated Post-closure Plan 
prior to this time. 


GROUNDWATER SALTY PTET ION 
PERMIT NO. G-0035-0 


STATE _OF ARIZONA 


GROUNDWATER QUALITY PROTECTION PERMIT 


Part. fT. AUTHORIZATION FOR FACILITY OPERATION SUCH THAT GROUNDWATER QUALITY 
OF THE STATE OF ARIZONA IS NOT ADVERSELY IMPACTED. 


In compliance with the provisions of A.R.S. 36-1851 et seq; A.A.C. 
Title 9, Chapter 20, Article 2; A.A.C. Title 9, Chapter 21, 
Article 2; and conditions set forth in this permit: 


Facility Name: Operator: 


Hermit Mine Energy Fuels Nuclear, Inc. 
One Tabor Center, Suite 2500 
1200 Seventeenth Street 
Denver, Colorado 80202 


is authorized to operate the Hermit Mine, an underground uranium 
mine located approximately 21 miles south of Fredonia, Arizona in 
Mohave County over the groundwaters of Kanab Plateau Basin in 
Township 38 North; Range 4 West; Section 17, W 1/2 SW 1/4 - Gila 
and Salt River Base Line and Meridian. 


This permit shall become effective on the date of signature and 
shall be valid for 15 years provided that the facility is operated 
and maintained in compliance with the specific conditions, general 
conditions, and information documented or referenced in Parts I, 
II, III and IV of this Permit and such that groundwater quality 
standards are not violated (Part V). 


] 


Aad 


Brad L. Doores, Vice President - Mi -D., Assistant Director 
Legal and Regulatory Affairs Afizona Department of Environmental Quality 


Energy Fuels Nuclear, Inc. 


a 


Signed this day of. Signed this C7 day of 
19 


50 Deca _ 19 f7 
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Part IT. SPECIFIC CONDITIONS (R9-20-208.C) 


Ais Disposal/Containment Requirements 


1. Facility Water Containment 


The facility shall be designed, constructed and 
maintained such that there will be no migration of 
wastes or pollutants either directly to groundwater or 
to the vadose zone. 


a. The operator shall be restricted to the disposal of 
mine water and runoff from a 23-acre uranium mine 
site to a lined impoundment. All waters pumped 
from the underground and all runoff from the 23- 
acre mine operation's area shall be directed to the 
lined impoundment. The 12.6-acre-foot impoundment 
Shall be lined with synthetic material equivalent 
to 36 mil Hypalon. The underlying surface shall 
contain no gravels greater than 1/4 inch. The 
Operator shall maintain a minimum of 3-acre feet 
(2.4 feet) of freeboard in operating the 
impoundment. The operator shall maintain a reserve 
area for the construction of an additional lined 
impoundment following authorization for an increase 
in the mine yard disturbance area. The use of 
enhanced evaporation techniques shall be allowed as 
an alternative for controlling water level in the 
lined impoundment. 


b. The ore storage pads shall be constructed of 
crushed and compacted limestone and/or shale not 
less than 12 inches in thickness. The ore storage 
pads shall be sloped toward the edges and a runoff 
collection structure shall be constructed to ensure 
that all runoff from the ore piles shall be 
directed to the lined impoundment. 


c. The operator shall construct storm water diversion 
structures, as referenced in "Hydrologic 
Evaluations for the Proposed Hermit Uranium Mine", 
Dames & Moore, 1987, to control waters from no less 
than a 100-year, 24-hour precipitation event. The 
diversion structures shall be constructed from 
borrow material from within the operations area and 
shall be protected with heavy riprap. All 
construction shall be performed to prevent runoff 
from the mine operations area. 


2. Sewage Disposal 
The permittee is restricted to dispose the sewage 


generated from the travel trailers, office and host 
buildings into a septic tank and associated leach 
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lines. The septic tank, constructed in accordance with 
plans approved by the Mohave County Health Department, 
shall have a capacity of no less than 1,600 gallons and 
receive a maximum of 1,000 gallons per day of sewage. 


Unauthorized Materials 


a. Materials authorized to be disposed of in the lined 
impoundment shall not include any materials that0 
cause deterioration of the pond liner as indicated 
by the manufacturer's specifications for the liner 
material. 


b. Materials authorized to be disposed of in all 
septic tanks are typical household sewage and shall 
not include mine water, motor oil, gasoline, 
paints, varnishes, laboratory wastes, solvents, 
fertilizers, pesticides or other materials not 
generally associated with toilet flushing, food 
preparation, laundry and personal hygiene. 


c. Adequate supervision and operation shall be 
performed to ensure that all users of the facility 
are aware of and understand the 
containment/disposal requirements of Part II.A.1. 


Discharge Source Limits 


Total domestic wastewater flow from the facility shall 
not exceed 1,000 gallons per day. 


Mining Limit 


Total depth of the mine workings shall not exceed 1,500 
feet below land surface. 


Modification 


This permit is issued contingent upon the above 
conditions. The permittee shall give ninety (90) days 
written advance notice to the Department of any 
modification to the above facility. 


Other Laws and Rules 


The operator must maintain compliance with all other 
State of Arizona laws and rules. The issuance of this 
permit does not waive any federal, state, county, or 
local government rules, regulations, or permits for 
which this facility may have to comply. 


B. Monitorin 
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Requirements, Record Keepin R9-20-215 


1. Monitoring shall be conducted in three phases: 


Phase I - Pre-Mining - Ambient Groundwater 


Characterization 


Phase II - Mining - Evaluation of Possible Impacts 


Phase III- Post-Mining - Evaluate the Effectiveness of 


Closure Activities. 
Phase I - Pre-Mining 


The purpose of Phase I monitoring is to determine 
baseline, the ambient groundwater 

characteristics. Ambient groundwater shall be 
defined as the arithmetic mean plus two standard 
deviations of the chemical concentrations for each 
parameter. 


(1) The regional aquifer shall be sampled at the 
monitoring well, Department of Water 
Resources Well Registry No. 55-518877 as 
located at and constructed as described in 
Section 3.c. of the Notice of Disposal. The 
operator shall monitor this water 
suppl y/monitoring well quarterly for the 
parameters listed in Part I1.B.2.b. 


(2) Water producing zones shall be monitored in 
the shaft during shaft sinking. Water 
quality and quantity shall be taken from 
every geologic unit which produces water at 
the time of shaft penetration and quarterly 
thereafter until mining commences. 


(3) Sixty (60) days after obtaining all of the 
Phase I water quality data as described 
above, the permittee shall submit a report 
to the Department's Water Permits Unit which 
summarizes the water quality data and 
establishes the Maximum Groundwater Limits 
for each sampling parameter. The 
Comprehensive List of Parameters listed in 
Part II.B.2.b. shall be utilized for this 
sampling report. 


Phase II - Mining 
The purpose of monitoring during the mining phase 


is to determine what impacts, if any, the operation 
is having on the groundwater quality. 


(2) 


(3) 
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Discharge Monitoring 


On an annual basis the effluent from the 
septic system shall be sampled and analyzed 
for those parameters listed in Part 
I1.B.2.b. The sampling point shall be 
located after the effluent flows from the 
septic tank and before disposal to the leach 
trenches. 


Impoundment Monitoring 


The operator shall inspect the impoundment 
for mechanical damage, seam failure and 
maintenance of freeboard on a daily basis. 


Groundwater Monitoring 


The operator shall monitor the water 

suppl y/monitoring well, Department of Water 
Resources Well Registry No. 55-518877, 
quarterly for the parameters listed in Part 
II1.B.2.a. and annually for the parameters 
listed in Part II.B.2.b. Static water level 
in the well shall be measured and recorded 
prior to sample pumping. If the well is 
used for production, pumping shall be 
suspended for 24 hours prior to observing 
the static water level. The operator shall 
evacuate at least one bore volume prior to 
sampling the monitoring well. The amount 
pumped shall be recorded. The water purged 
from the well shall be contained in the 
lined impoundment, stored in impervious 
containers, or used at the mine site. 


Mine Inflow Monitoring 


Mine inflows shall be monitored in the shaft 
and at the mine sump. Within the shaft, 
water quality and quantity shall be 
monitored annually from each geologic unit 
which continues to produce water for the 
parameters listed in Part II.B.2.b. Water 
quality analysis shall not be subject to 
Maximum Groundwater Limits. 


Inflows within the mine shall be monitored 
at the mine sump for quality by quarterly 
sampling and analysis for the parameters 
listed in Part I1.B.2.a. and annually for 
the parameters listed in Part II.B.2.b. 
Quantity of mine inflows shall be estimated 
on a quarterly basis taking into account the 
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consumption of water by underground drilling 
and dust control, and the return flows from 
these operations. Any significant inflows 
Shall be depicted on a mine map and 
submitted to ADEQ as part of the quarterly 
report. 


Phase III - Post-Mining 


The purpose of monitoring during the post-mining 
phase is to determine the effectiveness of the 
closure activities. 


The operator shall continue to monitor the water 
sampling/monitoring well, Division of Water 
Resources Well Registry No. 55-51877 semiannually 
during a minimum period of fifteen (15) years for 
the parameters in Part II.B.2.b. The Maximum 
Groundwater Limits shall be those calcul ated for 
Phase II (mining) groundwater monitoring. 


Constituents for Analyses 


Two categories of constituents for analysis shall be 
used while monitoring - indicator parameters with Alert 
Levels and comprehensive list of parameters with Maximum 
Groundwater Limits: 


a. 


Indicator Parameters 


If laboratory chemical analyses for a water sample 
would detect concentrations of gross alpha, gross 
beta, and/or any of the selected trace elements in 
excess of the alert levels, the source for the 
water sample would be resampled and analyzed for 
the comprehensive list of parameters: 
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METHOD OF 

PARAMETER ALERT LEVEL REF 1.D.(1) ANALYSIS 

(milligrams 

_per liter) 
Arsenic Reserved* 1 206.2 
Barium Reserved* 2 208.1 
Cadmium Reserved* 1 213.2 
Copper Reserved* 2 220.1 
Iron Reserved* 2 236.1 
Lead Reserved* 1 239.2 
Manganese Reserved* 2 242.1 
Mercury Reserved* 1 245.1 
Nitrate (as N)  Reserved* 3 --- 
Selenium Reserved* 1 270.2 
Silver Reserved* 2 272.1 
Zinc Reserved* 2 289.1 

(picocuries 

per _ liter) 

Uranium (total) Reserved* 9,10 --- 
Gross Alpha Reserved* 4,13 703 
Gross Beta Reserved* 4.13 703 


(1) standard references are listed on Attachment I to 
this Permit. 


* Reserved - Alert levels shall be established once 
Phase I - Premining Ambient Groundwater 
Characterization, has been completed and evaluated by 
the Department. 


Comprehensive List of Parameters 


The comprehensive list of parameters shall be utilized 
for all samples during Phase I of sampling and yearly 
thereafter during Phase II at all sampling sites. 

This list will also be used in the case that the Alert 
Levels for indicator parameters are exceeded and a 
confirmation sample is needed. 


MAXIMUM GROUND- METHOD OF 

PARAMETER WATER LIMITS REF 1.D.(1) ANALYSIS 

milligrams 

per liter) 
Alkalinity 

(as carbonate) Reserved** 4 403 

Arsenic Reserved** 1 206.2 
Barium Reserved** 2 208.1 
Bicarbonate Reserved** 3 305.1 
Cadmium Reserved** 1 B13 ie 
Calcium Reserved** 2 21541 
Carbonate Reserved** 4 403 
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(Cont'd.) 
MAXIMUM GROUND- METHOD OF 

PARAMETER WATER LIMITS REF 1.D.(1) ANALYSIS 

milligrams 

per liter) 
Chloride Reserved** 3 325.43 
Chromium (total) Reserved** 1 218.2 
Copper Reserved** 2 220.1 
Fluoride Reserved** 3 340.2 
Iron Reserved** 2 236.1 
Lead Reserved** 1 239.2 
Magnesium Reserved** 2 243.1 
Manganese Reserved** 2 243.1 
Mercury Reserved** 1 245.1 
Nitrate (as N)  Reserved** 3 --- 
Phosphate Reserved** 4 424 
Potassium Reserved** 2 258.1 
Selenium Reserved** 1 270.2 
Silver Reserved** 2 21 Pal. 
Silica Reserved** - --- 
Sodium Reserved** 2 273.1 
Sul fate Reserved** 3 3/5..3 
Total Dis- 
solved Solids Reserved** 3 160.3 
Zinc Reserved** 2 289.1 

(micromhos 

per centimeter) 
Specific 
Conductance Reserved** 3 120.1 

(picocuries 

per _ liter) 
Gross Alpha Reserved** 4,13 703 
Gross Beta Reserved** 4,13 703 
Total Uranium Reserved** 9,10 --- 
Thorium 230 Reserved** 9,10 --- 
Radium 226 Reserved** 4,7 705,706 


(1) standard references are listed on Attachment I to 
this Permit. 


** Reserved - Maximum Groundwater Limits shall be 
based on the ambient concentrations of chemical 
constituents in groundwater. A statistical analysis 
of the results of the Phase I monitoring program shall 
be used to determine the Maximum Groundwater Limits as 
follows: 
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(1) If a primary or secondary drinking water 
standard or Maximum Groundwater Limit has been 
established for a parameter by Arizona State 
regulatory agencies, and if the arithmetic mean 
plus two standard deviations of concentrations 
of the parameter in groundwater samples 
Obtained during the pre-mining period does not 
exceed the drinking water standard, the Maximum 
Groundwater Limit shall be the drinking water 
standard. 


If the arithmetic mean plus two standard 
deviations of concentrations of the parameter 
exceeds an established primary or secondary 
drinking water standard, the Maximum 
Groundwater Limit shall be the arithmetic mean 
plus two standard deviations of concentration 
of the parameter in groundwater samples. 


(2) If a primary or secondary drinking water 
standard has not been established by the 
regul atory agencies for a parameter and the 
parameter is detected in groundwater samples 
during the pre-mining period, or if the 
arithmetic mean plus two standard deviations of 
concentrations in groundwater samples obtained 
during the pre-mining period exceeds the 
established drinking water standard, then the 
Maximum Groundwater Limit shall be the 
arithmetic mean plus two standard deviations of 
the pre-mining concentrations. 


(3) If a paraneter is not detected during the pre- 
mining monitoring period, and a primary or 
secondary drinking water standard has not been 
established for the parameter, the Maximum 
Groundwater Limit shall be twice the detection 
limit for the EPA laboratory method used. 


Monitoring Forms 


All monitoring results shall be recorded and reported on 
the Self-Monitoring Form supplied by ADEQ. This form 
should be given to the laboratory performing the analysis. 


Reporting 


The permittee shall submit a report summarizing progress of 
the mine development and monitoring results on an annual 
basis. The report shall contain a current site plan, a 
map of the underground mine workings including elevations, 
and shall indicate the locations of all monitoring sites 
required by this permit. All analytical monitoring results 
for the previous quarter shall be postmarked no later than 


C. 
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the 28th day of the second month following the completed 
reporting period as indicated below: 


Self-Monitoring Report Forms for are due by 


lst Quarter (Jan, Feb, Mar) May 28 
2nd Quarter (Apr, May, Jun) Aug 28 
3rd Quarter (Jul, Aug, Sep) Nov 28 
Ath Quarter (Oct, Nov, Dec) Feb 28 


All laboratory reports shall be submitted to the following 
location: 


Arizona Department of Environmental Quality 
OWQ - Water Pollution/UST Compliance Unit 
2005 North Central Avenue 

Phoenix, Arizona 85004 


Contingency Requirements 


l. 


1. 


Should any of the monitoring results required by this 
permit exceed the alert level specified for a particular 
parameter, the permittee shall immediately notify the 
Department of the apparent exceedance and resample to 
determine the validity of the sample result. 


In the event that a confirmed exceedance of the Maximum 
Groundwater Limit specified in Part II1.B.2.b. occurs at the 
monitoring well, the operator shall submit a report within 
60 days which assesses the impacts from the exceedance and 
the mining operation. 


In the event that the minimum freeboard requirement 
specified in Part II.A.1l.a. is violated, the permittee 
shall construct an additional impoundment equivalent in 
construction to the lined impoundment required by Part 
II .A.l.a. 


In the event that any portion of the containment system or 
the septic system fails, resulting in the violation of 
permit conditions, the owner/operator shall notify the 
Department's Water Pollution/UST Compliance Unit and the 
Mohave County Health Department immediately to determine 
the appropriate action to mitigate the effects of the 
violation. 


Closure/Post Closure 


The Department shall be notified in writing at least one 
hundred and eighty (180) days prior to closure or 
abandonment of the facility. The operator shall submit and 
have approved an updated Post-closure Plan prior to this 
time. 
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Upon cessation of mining operations, the operator shal] 
implement the closure plan as referenced in the approved 
Plan of Operations. In the event that a geologic formation 
continues to produce water during the operational life of 
the mine, such formation shall be isolated from the lower 
geologic unit by the installation of a clay plug, a 40% 
clay/60% crushed shale plug or a bentonite plug in the main 
shaft, the air shaft and the monitoring well. 


The operator shall submit construction plans, 
specifications and techniques for the installation of the 
plugs, for the Department's approval, sixty (60) days prior 
to their installation. 


Following the expiration date of this permit, the permittee 
shall continue monitoring listed in Part II.B.1l.c. ona 
quarterly basis. In the event that a Maximum Groundwater 
Limit as described in Part II.B.2.b. is confirmed to be 
exceeded, the permittee shall immediately notify the 
Department and, within 30 days of such a violation, submit 
a plan to mitigate the effects of the violation. 


In the event of abandonment, the septic tank shall have the 
sewage removed therefrom and be completely filled with 
earth, sand, gravel, or concrete. The top cover over the 
septic tank shall be removed before filling and the filling 
shall extend to the level of the top of the ground. 


E. Compliance Schedule (R-20-219 


Le 


Within 60 days of the completion of the main shaft sinking, 
the operator shall submit an analysis showing that the 
collection sumps are impermeable and the sumps do not leak 
or the operator shall provide a plan for containment. 


The operator shall notify the Water Pollution/UST 
Compliance Unit no less than 7 days prior to the 
installation of the liner specified in Part II.A.1. 
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Part III]. REFERENCES: PERTINENT INFORMATION 


A. 


B. 


References 


The terms and conditions set forth in this permit have been 
developed based upon the information contained in the following: 


iF 


10. 


Groundwater Field Inspection Form(s) dated 


Notice of Disposal dated June 14, 1987 
Groundwater Impact Review dated August 4, 1987 
Plan Review File Number 

Permit Application dated 

Groundwater Impact Review dated 

Amendments to 2 and 4 dated 


Public Notice dated September 14, 1987 


Public Hearing comments, correspondence letters, and any 
additional supplemental information contained in the 
facility permit file. 


Other 


Facility Information 


La 
2s 


Facility Contact Person Roger Smith 


Address Energy Fuel Nuclear, Inc. 
P. 0. Box 36 


Fredonia, AZ 86022 
Emergency Telephone Number: Business (602) 643-7321 
Home 


The Department shall be notified within 30 days of a 
change in the facility contact person. 


Landowner of Facility Site B.L.M. 
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Definitions 


1. 


10, 


il, 


"Abandoned" means permanent cessation of facility 
operation, as determined by the facility owner. 
Facilities which are temporarily shut down are not 
considered abandoned within the context of these 
regulations. 


"Activity" means any human activity including 
institutional , commercial, manufacturing, extraction, 
agricultural, or residential land use which may involve 
disposal of wastes or pollutants which may result in 
pollution of groundwaters of the State. 


"Adverse impact upon groundwater quality" means any 
measurable change to the physical, chemical or 
biological character of groundwater caused by addition 
of pollutants or wastes. 


"Approved" or "approval" means approved in writing by 
the Director. 


"Aquifer" means a geologic unit that contains saturated 
permeable material to yield usable (drinking water, 
agriculture, industry, etc.) quantities of water to a 
well or spring. 


"Composite sample" means a combination of 4 individual 
portions obtained at equal time intervals for 1 hour. 
The volume of each individual portion shall be directly 
proportional to the discharge flow rate at the time of 
sampling. The sampling period shall coincide with the 
period of maximum discharge flow. 


"Department" means the Arizona Department of 
Environmental Quality (ADEQ). 


"Director" means the Director of the Arizona Department 
of Environmental Quality or his duly authorized 
representative. 


"Discharge" means the addition, spilling, leaking, 
pumping, pouring, emitting or dumping of any pollutant 
into waters of the State from any point source. 


"Discharge Impact Area" means the potential area 

extent of waste or pollutant migration, as projected on 
the land surface, as a result of a discharge or disposal 
from a facility. 


"Discrete sample" means any individual sample 
collected in less than 15 minutes. 


IZ. 


+2, 


14, 


15. 


16, 


17, 


18, 


19, 


20. 


21, 


226 


236 
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"Disposal" means the discharge, deposit, well 

injection, dumping, spilling, leaking, or placing of any 
wastes or pollutants into or on any land or water such 
that groundwater is or may be affected. for the 
purposes of this Article, irrigation with effluent from 
a wastewater treatment facility is disposal if the 
application rate exceeds that amount necessary to 
satis fy the consumptive use and leaching requirements of 
the crop or landscaping being irrigated. 


"Disposal system" means a system for disposing of 
wastes either by surface or underground methods and 
includes sewerage systems, treatment works, disposal 
wells and other systems. 


"Facility" means any system or activity in which or 
by which disposal occurs or has occurred on either a 
continuous or intermittent basis. 


"Flow rate" means the volume per unit time given to 
the flow of fluids. 


"Geologic unit" means a geologic formation, group 
of formations, or part of a formation. 


"Groundwater" means water under the surface of the 
earth regardless of the geologic structure in which it 
is standing or moving. Groundwater does not include 
water flowing in underground streams with ascertainable 
beds and banks. 


"Groundwater Quality Standards" means the standards 
in AJA.C. R9-21-403. 


"Hazardous waste" means a waste as defined by the 
Federal Resource Conservation and Recovery Act (P.L. 94- 
580). 


"Hydraulic conductivity" means a measure of the 
capability of a geologic unit to transmit a fluid. 


"Individual disposal system" means a device or 
system for the treatment or disposal of sewage from a 
single housing unit or equivalent. 


"Maximum Disposal Limit (MDL)" means the maximum 
permissible level for a contaminant in an effluent 
stream. 


"Maximum Groundwater Limit (MGL)" means the maximum 
permissible level for a contaminant in water. 


24, 


25. 


26. 


els 


28. 
29. 


30. 


31. 


a2 


oo 


34. 
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"Modification" means a change in the location, 

volume, constituent(s) or constituent concentration( s) 
of a disposal which is described in the permit issued 
pursuant to R9-20-208. 


"Operator" means any person who makes management 
decisions regarding facility operations. 


"Owner" means any person holding legal or equitable 
title in any real property subject to these regulations. 


"Permit" means a rule, certificate, letter, or any 
other document issued by the Director authorizing and 
conditioning the discharge of any pollutant to 
groundwater from any point source or disposal of wastes 
from any disposal system identified in A.R.S. Sec. 36- 
136.G.8. 


"Pollute" means to cause pollution. 


"Regulations" means A.A.C. Title 9, Chapter 20, 
Article 2, requirements for facilities affecting 
groundwater quality. 


"Schedule of compliance" or "compliance schedule" 

means a written document issued by the Director which 
identifies requirements and times for compliance with 
either or both the water quality standards in A.A.C. 
Title 9, Chapter 21 or the permit regulations in A.A.C. 
Title 9, Chapter 20. 


"Sewage" means wastes from toilets, baths, sinks, 
lavatories, laundries and other plumbing fixtures in 
residences, and wastes from institutions, commercial 
buildings, mobile homes and other places of human 
habitation, employment or recreation which are similar 
in content to residential wastes. 


"Site" means the area where any facility is 
physically located or an activity is conducted, 
including adjacent land used in connection with the 
facility. 


"Treatment works" means any plant or other works used 
for the purpose of treating, stabilizing, or holding 
wastes, 


"Vadose zone" means the zone between the land surface 
and the principle zone of saturation. 
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Part IV. GENERAL CONDITIONS: RESPONSIBILITIES 
A. Permit Duration (R9- 20-210) 


Le Permits shall be valid for the expected operational 1ife 
of the facility under the ownership as set forth in the 
permit unless otherwise limited by Federal or State 
statute or transferred pursuant to R9-20-221.C. 


2. A permit may be modified or terminated pursuant to R® 
20-221, 


3. The owner or operator of the facility may request that a 
permit be issued for a duration that is less than the 
full allowable term. 


B. Permit Rights (R9-20-214) 


Li A permit does not convey any property or water right of 
any sort, or any exclusive privilege. 


2. A permit does not authorize any injury to persons or 
property or invasion of other private rights, or any 
infringement of Federal, State, or local laws or 
regulations. 


C. Monitoring Requirements; Record Keeping (R% 20-215) 


1. The permittee shall implement and maintain an approved 
monitoring system if required as a condition of a 
permit. 


a. The permittee shall install, use and maintain all 
monitoring equipment in acceptable condition or 
provide alternate methods approved by the 
Department. 


b. The permittee is required to conduct monitoring of 
a type and frequency sufficient to yield data which 
are representative of the monitored activity. 


be The permittee shall retain records or have access to all 
monitoring information, for a period of at least three 
(3) years from the date of the sample, or measurement. 
This period may be extended by written request of the 
Department at any time. Copies of records shall be 
furnished to the Department upon written request. 


a. Records of monitoring information shall include but 
are not limited to the following: 


(1) The date, time, exact place, and name of 
individual(s) who performed the sampling or 
mea suring; 
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(2) the date(s) of, and name(s) of the individual(s) 
who performed the analyses; and 


(3) the analytical techniques or methods used to 
perform the analyses. 


b. Monitoring results shall be reported at intervals 
specified in the permit. 


C. Calculations which require the averaging of 
measurements shall utilize an arithmetic mean 
unless it can be demonstrated by the permittee that 
another method would more accurately describe or be 
representative of the monitored activity. 


3. Information submitted as a result of any well boring 
shall include a complete driller's log and drawings 
showing details of the well's construction. If 
information must be submitted more than once for the 
same well, then subsequent submittals shall note that 
the driller's log and construction drawings have already 
been submitted and the date of the initial submittal 
shall be documented. 


D. Reporting Requirements (R% 20-216 ) 


1. The permittee shall give ninety (90) days written 
advance notice to the Department of any modification to 
the facility which is not described in the approved 
Notice of Disposal or permit application. 


2. The permittee shall notify the Department within seventy 
two (72) hours of becoming aware of any permit 
violation. The Department may require the permittee to 
submit a written report within thirty (30) days 
documenting the following: 


a. A description of the noncompliance and its cause; 


b. the period of noncompliance, including exact 
date(s) and time(s), and the anticipated time 
period during which the noncompliance is expected 
to continue if it has not been completely 
corrected; 


c. action taken or planned to reduce, eliminate, and 
prevent reoccurrence of the noncompliance: If 
applicable, such action shall be in accordance with 
an approved contingency plan; 


d. monitoring or other information which indicates 
that any waste or pollutant may cause an 
endangerment to an aquifer; and 


Ee 


ie 


c 
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e. noncompliance with a permit condition, or 
malfunction of the disposal system which may cause 
fluid migration into or between aquifers. 


The Department shall be notified in writing at least one 
hundred eighty (180) days prior to abandonment of the 
facility. 


a. The permittee may be required to submit a detailed 
post-closure plan to the Department for approval 
which shall describe what the physical condition of 
the facility will be on the date operations are 
terminated. 


b. The Department may require the post-closure plan to 
include any or all of the following: 


(1) A description of monitoring procedures to be 
implemented by the permittee including 
monitoring frequency, type, and location 
which will be implemented to ensure post- 
closure activities will not violate 
groundwater quality standards; 


(2) a description of procedures for maintaining 
existing groundwater quality protection 
systems ; 


(3) a schedule and description of physical 
inspections to be conducted at the facility 
following abandonment; 


(4) a description of future land or water uses 
or both which may be precluded as a result 
of facility abandonment; and 


(5) identification of responsibilities for post- 
closure cleanup or remedial action in the 
event of pollution of waters of the State. 


Site Examination (R9-20-217) 


The Department may routinely inspect the facility or an 
activity used for the generation, storage, treatment, 
collection, or disposal of any waste or pollutant, and 
where records are kept, for the purpose of determining 
compliance with these regulations or water quality 
standards, or verifying information submitted in a 
Notice of Disposal, or permit application, or documented 
in a permit including any permit conditions, 


The Department may: 


a. Obtain samples of wastes or pollutants; 
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b. analyze or cause to be analyzed any samples either 
on site or at another location; 


Cs take photographs of waste and equipment processes 
and conditions at the site; or 


d. inspect and copy any pertinent records, reports, 
information, and test results. 


3% Any pertinent information required by the permit to be 
maintained by the permittee shall be available for on- 
site inspection during normal business hours. Split 
samples and copies of photographs will be provided to 
the facility owner or operator if the owner or operator 
requests them at the time the sample(s) is obtained or 
the photograph(s) is taken as the case may be, 


4, Inspections shall be conducted pursuant to the 
appropriate provisions of the Arizona Revised Statutes 
and policies established by the Department. 


Proper Operation and Maintenance (R9-20-218) 


The permittee shall at all times maintain in good working 
order and operate properly all treatment works installed or 
used for water pollution control and abatement to achieve 
compliance with the terms and conditions of the permit and 
water quality standards. If required by Article 5 of A.A.C. 
Title 9, Chapter 20, the permittee shall retain the services 
of an operator certified by the Department at the level 
appropriate to the permitted facility. 


Permit Conditions (R9- 20-220) 
1. Duty to Mitigate 


The permittee shall take all steps to minimize and 
correct any adverse impact on groundwater quality as 
defined in A.A.C. Title 9, Chapters 20 and 21 resulting 
from noncompliance with the permit. 


Zs Duty to Reapply 


If a permittee has not been issued a permit for the life 
of the facility, a renewal application in the form of an 
amended Notice of Disposal or permit application shall 
be submitted to the Department no less than one hundred 
eighty (180) days prior to expiration of the existing 
permit. 


Bis Duty to Comply 


The permittee shall comply with all terms and conditions 
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of the permit, and take such action as is necessary to 
ensure compliance. 


H. Permit Actions (R9-20-221) 


Lis 


This permit may be modified, transferred, renewed, or 
revoked for cause. The filing of a request by the 
permittee for a permit action does not stay any existing 
permit condition, 


Permit Modification 


a. 


Request for modification of a permit may be made by 
the permittee, the Department, or any affected 
person and shall identify the specific item(s) to 
be considered for modification, 


Public requests for modification of a permit shall 
be in writing to the Department and shall contain 
technical facts or reasons which justify the 
requested changes. The Department upon receipt of 
the request will notify the permittee, and evaluate 
and determine whether any request for modification 
shall be granted. 


The permittee may be required to submit additional 
information, including an updated Notice of 
Disposal or permit application. 


Only those items considered for modification may be 
changed, and all other conditions of the existing 
permit will remain in effect. 


The following circumstances and occurrences shall 
require modification of a permit: 


(1) Modification to the facility, which justify 
application of permit conditions that are 
different from or absent in the existing 
permit; 


(2) other information that was not available 
when the existing permit was issued, and 
which justifies application of different 
permit conditions; 


(3) changes in the regulations or standards upon 
which the permit was based which have been 
made after the permit was issued; 


(4) good cause exists for changes ina 
compliance schedule because of conditions 
over which the permittee has little or no 
control, and a change to the permit by 
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modification is a reasonable remedy; 


(5) reason(s) exists for revocation of the 
permit, and the Department determines that 
modification is an appropriate method for 
change; and 


(6) amendment to an approved abandonment plan or 
contingency plan or any other portion of an 
approved Notice of Disposal or permit 
application. 


The suitability of the location of the facility 
will not be reconsidered during the process of 
changing the permit unless new information or 
change to regulations indicate that a violation of 
adopted groundwater quality standards exist and no 
other action is possible to mitigate the violation 
and comply with groundwater quality standards, 


The Department will publish a notice of intent 
pursuant to R%20-223 to modify a permit before any 
final action is taken, 


With the concurrence of the permittee, the 
Department may make minor modifications to a permit 
for any of the following reasons: 


(1) To correct typographical errors; 


(2) to require more or less frequent monitoring 
or reporting by the permittee; 


(3) to change an interim compliance date in a 
schedule of compliance, provided the new 
date is not more than sixty (60) days after 
the date specified in the existing permit, 
and does not interfere with attainment of 
the final compliance date requirement; 


(4) to change quantities or types of fluids 
discharged which are within the capacity of 
the facility as permitted, and in the 
judgment of the Department would not 
interfere with the operation of the facility 
or its ability to meet conditions prescribed 
in the permit, and would not change its 
classification, if the facility is an 
injection well; or 


(5) to change construction requirements approved 
by the Department, provided that any such 
alteration shall comply with the 
requirements of these regulations. 
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Permit Trans fer 


a. 


This permit is transferrable to any person after 
thirty (30) days advance written notice to the 
Department. The Department may require 
modification of the permit to change the name of 
the permittee and incorporate any requirements 
which may be necessary to ensure compliance with 
State statutes and regulations. 


The permittee shall notify by registered letter a 
new owner or operator of a permitted facility of 
the existence of the permit thirty (30) days prior 
to transfer of responsibility. The notice shall 
include a copy of the permit. A copy of the letter 
shall be transmitted to the Department. 


The new owner or operator shall be responsible for 
compliance with the permit upon transfer of 
ownership or operation without regard to whether 
said owner or operator has in fact received the 
notice required by R9-20-221.C.2. 


Permit transfer does not absolve the previous 
permittee of any liability existing at or before 
the time the permit was transferred. 


Permit Revocation 


a. 


b. 


Request for revocation of a permit may be made by 
the permittee, Department, or any affected person, 


Public requests for permit revocation shall be in 
writing to the Department and shall contain 
technical facts or reasons which justify the 
requested action. The Department upon receipt of 
the request will notify the permittee and evaluate 
the request and determine whether any request for 
revocation should be granted. 


Revocation of a permit is initiated when the 
Department issues a notice of intent to revoke a 
permit pursuant to R9-20-223 to the permittee and 
may be initiated for the following reasons: 


(1) Noncompliance by the permittee with any 
permit condition; 


(2) deliberate failure by the permittee to fully 
disclose all relevant facts when applying 
for a permit; 


1 
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(3) intentional or deliberate misrepresentation 
of any relevant fact at any time by the 
permittee; or 


(4) if it is determined by ADEQ that the 
permitted activity is causing a violation of 
groundwater quality standards and such 
violation can only be regulated to 
acceptable levels by revoking the permit. 


d. If disposal to an aquifer causes a clear, present, 
and immediate danger to the health or welfare of 
persons, the Department may immediately suspend a 
permit. Within fourteen (14) days of the 
suspension, the Department shall issue a notice of 
intent to revoke the permit. The permit shall be 
considered revoked thirty (30) days after the 
notice of intent is issued by the Department unless 
and until a hearing is requested by the permittee 
pursuant to R9-20-222. 


Confidentiality of Information (R% 20-224) 


Any information submitted to or obtained by the 
Department pursuant to these regulations may be claimed 
as confidential by the facility owner or operator. Any 
such claim shall be asserted at the time the information 
is submitted or obtained. If no claim is made at that 
time, the Department may make the information available 
to the public without further notice. 


Claims of confidentiality for the following information 
shall be denied: 


a. The name and address of any permit applicant or 
permittee; or 


b. information which deals with the present or future 
existence, absence, or level of waste(s) or 
pol lutant/ s) in water. 


Criteria for determining confidentiality are: 


a. A confidentiality claim has been made at the time 
the information was submitted or obtained; 


b. the facility owner or operator has shown that 
reasonable measures have been taken to protect the 
confidentiality of the information, and intends to 
continue to take such measures; 


Cc. the information is not, and has not been, 
reasonably obtainable without the facility owner or 
operator's consent; 
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d. no statute specifically requires disclosure of the 
information; and 


e. the facility owner or operator has shown that 
disclosure of the information is likely to cause 
harm to it's competitive position; or, the 
information is voluntarily submitted and disclosure 
would be likely to impair the State's ability to 
obtain necessary information in the future. 


Enforcement and Penalties (R9-20-225) 


Any person who constructs, operates, or maintains a facility, 
disposal system, or introduces wastes or pollutants to waters 
of the State contrary to the provisions of this permit, 
faisifies data or information submitted to the Department as 
a result of the requirements of this permit, or otherwise 
violates the provisions of this permit, shall be subject to 
enforcement and penalties pursuant but not limited to A.R.S. 
36-1864 .01. 


Page 25a 5 
GROUNDWAT. QUALITY PROTECTION 
PERMIT NO. G- 0035-08 


PART V. GROUNDWATER QUALITY STANDARDS 


A. General Standards Applicable to all Groundwaters (R% 21-403) 


Ti. 


Discharges of any pollutants and disposal of any wastes 
shall not impair the uses which have been made, are 
being made, or will be made of groundwater for every 
purpose, 


Discharges of any pollutants and disposal of any wastes 
to groundwaters of the State shall not cause a public 
health hazard. 


Disposal of any hazardous waste, radioactive waste or 
other waste shall not cause toxic substances to be 
present in groundwaters of the State in concentrations 
which are or may be hazardous to public health or which 
interfere with present and future uses of the 
groundwater. 


Discharges of any pollutants and disposal of any wastes 
to groundwaters of the State shall not directly or 
indirectly cause violation of surface water quality 
standards established pursuant to Article 2 of this 
chapter. 
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METHOD OF 

PARAMETER ALERT LEVEL REF 1.D.(1) — ANALYSIS 

(milligrams 

per liter) 
Arsenic 0.025 1 206.2 
Barium 0.5 2 208.1 
Cadmium 0.005 1 213.2 
Copper 0.5 2 220.1 
Iron 0.15 2 236.1 
Lead 0.025 1 239.2 
Manganese Reserved* 2 242.1 
Mercury 0.001 f 245.1 
Nitrate (as N) 5.0 3 --- 
Selenium 0.005 1 270.2 
Silver 0.025 2 272.1 
Zinc 5.0 2 289.1 

(picocuries 

per liter) 
Uranium (total) Reserved* 9,10 --- 
Gross Alpha 5.0 4,13 703 
Gross Beta 5.0 4,13 703 


Comprehensive List of Parameters 


The comprehensive list of parameters shall be utilized 
for all samples during Phase I of sampling and yearly 
thereafter during Phase II at all sampling sites. 

This list will also be used in the case that the Alert 
Levels for indicator parameters are exceeded and a 
confirmation sample is needed. 


MAXIMUM GROUND- ; METHOD OF 
PARAMETER WATER LIMITS REF I.D.(!) — ANALYSIS 
milligrams 


per liter) 

Alkalinity 

(as carbonate) Reserved* 4 403 
Arsenic 0.05 1 206.2 
Barium 1.0 2 208.1 
Bicarbonate Reserved* 3 305.1 
Cadmium 0.010 al 213.2 
Calcium Reserved* 2 215.1 
Carbonate Reserved* 4 403 
Chloride Reserved* 3 325.3 
Chromium (total) 0.05 1 218.2 
Copper 1.0 2 220.1 


(1) standard references are listed on Attachment I to 
this Permit. 
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(Continued) 
MAXIMUM GROUND- METHOD OF 


PARAMETER WATER LIMITS REF 1.0. (1) ANALYSIS 
(milligrams 


per liter) 
Fluoride 2.4 3 340.2 
Iron 0.3 2 236.1 
Lead 0.05 1 239.2 
Magnesium Reserved* 2 243.1 
Manganese Reserved* 2 243.1 
Mercury 0.002 1 245.1 
Nitrate (as N) 10.0 3 --- 
Phosphate Reserved* 4 424 
Potassium Reserved* 2 258.1 
Selenium 0.01 1 270.2 
Silver 0.05 2 272.1 
Silica Reserved* - --- 
Sodium Reserved* 2 273.1 
Sul fate Reserved* 3 375.3 
Total Dis- 
solved Solids Reserved* 3 160.3 
Zinc Reserved* 2 289.1 
(micromhos 
per centimeter) 
Specific 
Conductance Reserved* 3 120.1 
(picocuries 
per liter) 
Gross Alpha 15 4,13 703 
Why is the Gross Beta higher than the Gross AlphaG@ross Beta 50 4,13 703 
Total Uranium Reserved* 9,10 --- 
Thorium 230 - Reserve d* 9,10 --- 
Radium 226 Reserved* 4,7 705,706 


(1) standard references are listed on Attachment I to 
this Permit. 


* Reserved - Maximum Groundwater Limits shall be based 
on the ambient concentrations of chemical constituents 
in groundwater. A statistical analysis of the results 
of the Phase I monitoring program shall be used to 
determine the Maximum Groundwater Limits as follows: 
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ARIZONA DEPARTMENT OF ENVIRONMENTAL QUALITY 


Jane Dee Hull, Governor John Hagen, Acting Director 


STATE OF ARIZONA 


Aquifer Protection Program 
Clean Closure Approval 
Groundwater Quality Protection Permit No. G-0035-08 


Facility Name: Hermit Mine 


Owner and Operator: International Uranium (USA) Corporation 
Independence Plaza, Suite 950 
1050 Seventeenth Street 
Denver, Colorado 80265 


has completed the clean closure of a mining facility located approximately 21 miles south of Fredonia, 
Arizona in Mohave County over the groundwaters of Kanab Plateau Basin in Township 38 North; Range 4 
West; Section 17, WY% SW - Gila and Salt River baseline and meridian. 


Latitude 36° 41' 25" North 
Longitude 112° 45'03" West 


Groundwater Quality Protection Permit (GWQPP) No. G-0035-08 was issued on or about January 8, 1988 to 
Energy Fuels Nuclear Inc. (EFN). The permit was transferred to International Uranium (USA) Corporation 
(IUSA) on or about April 18, 1997. The permit authorized operation of an underground uranium mine. On 
February 19, 1990, EFN, predecessor to IUSA, notified the Arizona Department of Environmental Quality 
(ADEQ), Water Permits Unit, that mining operations had ceased and implementation of the preliminary steps 
to final closure of the facility had begun. Physical closure of the facility was completed in 1990. A closure 
report was submitted on December 24, 1998. Addendums to the report were submitted January 15, 1999 and 
February 1, 1999. The closure report and addendums indicate that the closure was completed pursuant to the 
conditions of GWQPP No. G-0035-08. The Water Permits Section of the ADEQ has determined that the 
closure has eliminated to the greatest degree practicable, any reasonable probability that any discharges from 
the facility have not and will not cause an exceedence of aquifer water quality standards at the applicable point 
of compliance. This determination is based on site analytical data. Post-closure monitoring and maintenance 
are not necessary to meet the requirements of Arizona Revised Statutes (A.R.S.) Title 49, Chapter 2. The 
facility has met the clean closure criteria pursuant to A.R.S. § 49-201.5. In accordance with A.R.S. § 252.D., 
an Aquifer Protection Permit is not required. This letter authorizes the clean closure of GWQPP No. G-0035- 
08. 


ADEQ may withdraw this decision if the provided information is found to be inaccurate. Further, this letter is 
not intended to waive any other federal, state or local requirements that may apply to this facility. 


KA * 
h, Ph.D. 
Director, Water Quality Division 


Arizona Department of onmental Quality 
Signed this day of. , 1999 


ARIZONA DEPARTMENT OF ENVIRONMENTAL QUALITY 


Jane Dee Hull, Governor John Hagen, Acting Director 


EXECUTIVE SUMMARY 
CLEAN CLOSURE APPROVAL 
GROUNDWATER QUALITY PROTECTION PERMIT NO. G-0035-08 


Facility Name: 
International Uranium (USA) Corporation Hermit Mine 
Facility Location: 


The facility is located approximately 21 miles south of Fredonia (in Mohave County), Arizona over the 
groundwaters of the Kanab Plateau Basin in Township 38 North; Range 4 West; Section 17, West 2 and 
Southwest % - Gila and Salt River baseline and meridian. 


Regulatory Status: 


A Notice of Disposal form was submitted by Energy Fuels Nuclear, Inc. (EFN) to the Arizona 
Department of Environmental Quality (ADEQ) on June 14, 1987. A Plan of Operations, dated February 
1987, was approved by the BLM during 1987 and submitted to ADEQ. GWQPP No. G-0035-08 was 
issued to EFN on January 8, 1988. On February 19, 1990, EFN notified the ADEQ that mining 
operations had ceased and implementation of the preliminary steps to final closure of the facility had 
begun. A request for transfer of the permit from EFN to International Uranium (USA) Corporation 
(USA) was submitted to ADEQ on February 4, 1997. The permit was transferred to [USA on or about 
April 18, 1997. During a meeting with ADEQ on November 10, 1998, IUSA informed ADEQ the mine 
was closed and reclaimed. ADEQ determined that the facility may be eligible for clean closure pursuant 
to A.R.S. § 49-241.01.A., and requested that [USA submit a closure report for the facility. On December 
24, 1998, a closure report was submitted. Addendums to that report were submitted January 15, 1999 
and Febuary 1, 1999. 


Facility Description: 


The Hermit Mine operated as an underground uranium mine. The 23.6 acre facility consisted of mine 
workings to a depth of 1,130 feet below ground surface, stockpiling of ore grade material on ore pads, 
collection and evaporation of mine water and surface facility runoff in 2 lined surface impoundments, and 
routine operational and maintenance activities associated with operations of this nature. No chemical 
processing of ore occurred at the facility. Ore grade material produced was transported to the White Mesa 
Uranium Mill located near Blanding, Utah for processing. 


Surface facilities were situated at an elevation of approximately 4,900 feet. The regional groundwater table, 


s ie 


which is within the Redwall-Muav limestone aquifer, is at a depth greater than 2,000 feet. The deepest 
mine workings are approximately 1,000 feet above the aquifer. 


Facility History: 


1988 Construction of the mine began with the establishment of surface 
facilities. 
1989 The underground development was completed. 

June 1989 Mining commenced in June of 1989. 

January 1990 Mining ceased in January of 1990. Approximately 32,000 tons of uranium 
ore were mined containing approximately 500,000 pounds of uranium 
oxide. 

September 1990 Closure and reclamation activities began pursuant to Groundwater Quality 
Protection Permit (GWQPP) No. G-0035-08 and the United States Bureau 
of Land Management (BLM) Plan of Operations. 

December 1994 Closure and site reclamation completed. 


Compliance with Maximum Groundwater Limits: 


On February 14, 1990 EFN submitted the Hermit Mine Premining Water Quality Report. Five quarterly 
samples were collected and analyzed from the monitoring/production well. EFN calculated and established 
Maximum Groundwater Limits for the mining phase in accordance with the GWQPP. However, numeric 
values were not implemented into the GWQPP by ADEQ. All values remained “Reserved” in the GWQPP. 


EFN also submitted the Hermit Mine Groundwater Monitoring Report Mining Phase on February 14, 1990. 
In this report, EFN indicates that mining phase water quality results indicated that certain concentrations 
exceeded MGL’s as determined following the procedures in the GWQPP. The report provided initial 
possible explanations for the exceedences and outlined a plan for further investigation into them. 


On July 5, 1990, EFN provided 1st and 2nd quarter groundwater monitoring results and notified ADEQ 
that there were some exceedences in Maximum Groundwater Limits. On June 7, 1990 ADEQ received a 
report from EFN, Water Quality Evaluation Hermit Mine Site, conducted by consultant Canonie 
Environmental Services Corp. Their report concludes that exceedences for water samples were not caused 
by seepage from the mine. A review of the report was conducted by ADEQ Hydrologist Jim DuBois. In 
an internal memorandum he also concluded that from the data presented, the facility had not caused or 
contributed to exceedence of numeric Aquifer Water Quality Standards (AWQS) at the point of 
compliance. He also believed that the exceedences of MGL’s for certain constituents at levels slightly above 
the specified MGL was caused because ambient concentrations of those constituents were not adequately 
defined before permitting the facility. An April 9, 1992 letter sent to EFN by ADEQ indicated agreement 
that the mine sump was not the cause of exceedences of permit MGL’s, and that ADEQ would not 
recommend any further compliance action. 


Review of post-mining water quality analysis results do not indicate that the mining operation has resulted 
in exceedences in AWQS. The facility is closed, and potential sources of pollutants have been removed. 


& a 


Monitoring Requirements: 


GWOQPP No. G-0035-08 required a post-mining monitoring period of a minimum of 15 years. The 
monitoring well has been monitored on a semi-annual basis during the post-mining period for the past 8 
years. A review of those monitoring results indicates no significant variations in pollutant values. Pursuant 
to A.R.S. § 49-252.D., and the definition provided in A.R.S. § 49-201.5., no postclosure monitoring and 
maintenance will be required. 


Point of Compliance: 


The designated point of compliance is the monitoring well, Division of Water Resources Well Registry No. 
55-518877. Latitude 36° 41' 21" North, Longitude 112° 45' 04" West. Monitoring at the point of 
compliance is not required. In accordance with the GWQPP, IUSA will consult with the land manager, 
BLM, determine the potential usefulness of the well, and either seal the well or convey it to BLM. 


Storm/Surface Water Considerations: 


EFN had completed reclamation of the area of operations in accordance with the GWQPP, which 
references the BLM approved Plan of Operations, with the exception of a small area where the lined surface 
impoundments were located. IUSA intends to gain authorization from BLM to borrow material from this 
area to be used for reclamation of the nearby Kanab North Mine site in the future, and to provide a stock 
tank for a cattle ranch permittee. If BLM does not grant IUSA authorization, this area will be reclaimed 
accordingly. Reclamation of the area of operations, which included stormwater diversion structures, 
included re-contouring, re-topsoiling, drill seeding and performing a radiometric survey, was in accordance 
with the BLM approved Plan of Operations. Because there are no longer any mining operations occurring, 
no additional controls are required. 


Conclusion: 


A clean closure approval can be issued as the facility has met clean closure criteria pursuant to A.R.S. § 
49-201.5. 


ARIZONA DEPARTMENT OF ENVIRONMENTAL QUALITY 


Governor Jane Dee Hull John F. Hagen, Acting Director 


MU99:0057 Inventory Number: 100299 
March 2, 1999 


Donn M. Pillmore, Project Manager 
International Uranium (USA) Corporation 
H.C. 64, Box 153 

2555 No. Highway 89A 

Fredonia, AZ 86022 


Subject: Hermit Mine Clean Closure - Clean Closure Approval 

Enclosed is a signed copy of the Aquifer Protection Program, Clean Closure Approval and 
Executive Summary for the Hermit Mine located approximately 21 miles south of Fredonia, 
Mohave County, Arizona. Please contact me at (602) 207-4789 if you have any questions. 
Sincerely, 


Crag De edc 

Craig DeWalt, Project Officer 
Water Permits Section, Mining Unit 
Enclosure 


CD:cd 


_ c: Don Shroyer, Manager, Water Quality Data Unit 

Lynne Dekarske, Administration, Water Permits Section 
Dennis L. Turner, Supervisor, Mining Unit 

Jerry Breckenridge, ADEQ, Northern Regional Office 
Bureau of Land Management, Arizona Strip District 


3033 North Central Avenue, Phoenix, Arizona 85012, (602)207-2300 


TRANSFER AND MODIFICATION OF GROUNDWATER QUALITY PROTECTION 
PERMIT NO. G-0035-08 


Facility Name: Hermit Mine 


Responsibility for the compliance with all requirements of Groundwater Quality Protection 
Program permit G-0035-08 is hereby transferred to the following applicant: 


Former Owner & Operator: Current Owner & Operator: 

Energy Fuels Nuclear, Inc. International Uranium (USA) Corporation 
Three Park Central, Suite 900 950 Independence Plaza 

1515 Arapahoe St. 1050 17th Street 

Denver, CO 80202 Denver, CO 80202 


1. Strike former owner and operator in Part I and replace with current owner and 
operator as shown below: 


International Uranium (USA) Corporation 
950 Independence Plaza 

1050 17th Street 

Denver, CO 80202 


2. On permit cover page strike "groundwater quality standards" and replace with the 
following: 
Aquifer Water Quality Standards (AWQS) 


3. Strike former contact person in Part III and replace with current contact person as 
shown below: 


Michelle R. Rehmann, Env. Mgr. 
950 Independence Plaza 

1050 17th Street 

Denver, CO 80202 

(303) 628-7798 


This transfer and modification shall become effective on the date of signature and shall be 

valid for the duration of the permit provided that the facility is constructed, operated, and 

maintained pursuant to all the conditions of this permit, according to the design and 

operational information documented or referenced in PARTS I, II, III, and IV of the 

permit, and such that Aquifer Water Quality Standards (AWQS) are not violated (Part V). 
Lectie Vu 

Dennis Turner 

Supervisor, Water Permits Section, Mining Unit 

Water Quality Division 

Arizona Department of Environmental Quality 


Signed this /7_ day of Aut _, 1997 


Modified: 4-18-97 


on oe PROTECTION 
PERMIT NO. G-0035-08 


STATE OF ARIZONA 


GROUNDWATER QUALITY PROTECTION PERMIT 


Part I. AUTHORIZATION FOR FACILITY OPERATION SUCH THAT 
GROUNDWATER QUALITY OF THE STATE OF ARIZONA IS NOT 
ADVERSELY IMPACTED 


In compliance with the provisions of A.R.S. 36-1851 et seq; A.A.C. Title 9, 
Chapter 20, Article 2; A.A.C. Title 9,Chapter 21, Article 2; and conditions 
set forth in this permit: 


Facility Name: Operator: 


Hermit Mine International Uranium (USA) Corp. 
950 Independence Plaza 
1050 17th Street 
Denver, Colorado 80202 


is authorized to operate the Hermit Mine, an underground uranium mine 
located approximately 21 miles south of Fredonia, Arizona in Mohave 
County over the groundwaters of Kanab Plateau Basin in Township 38 
North; Range 4 West; Section 17, W % SW % - Gila and Salt River Base 
Line and Meridian. 


This permit shall become effective on the date of signature and shall be valid 
for 15 years provided that the facility is operated and maintained in 
compliance with the specific conditions, general conditions, and information 
documented or referenced in Parts I, II, III, and IV of this Permit and such 
that Aquifer Water Quality Standards (AWQS) are not violated (Part V). 


/s/ /s/ 


Brad L. Doores, Vice President Ronald L. Miller, Ph.D., Assistant Director 
Legal and Regulatory Affairs Arizona Department of Environmental Quality 
Energy Fuels Nuclear, Inc. 

\ 
Signed this 8th day of Signed this 29th day of 
January, 1988 . December, 1987 


Modified: 4-18-97 


Jog ul 


o Och, 12,1988. 


These at prs Lecere_ rte Ali Zof 
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METHOD OF 

PARAMETER ALERT LEVEL REF 1.D. (1) ANALYSIS 

(milligrams 

_per liter) 
Arsenic 0.025 1 206.2 
Barium 0.5 2 208.1 
Cadmium 0.005 1 213.2 
Copper 0.5 2 220.1 
Iron 0.15 2 236.1 
Lead 0.025 1 239.2 
Manganese Reserved* 2 242.1 
Mercury 0.001 1 245.1 
Nitrate (as N) 5.0 3 --- 
Selenium 0.005 1 270.2 
Silver 0.025 2 272.1 
Zinc 5.0 2 289.1 

(picocuries 

per liter) 

Uranium (total) Reserved* 9,10 --- 
Gross Alpha 5.0 4,13 703 
Gross Beta 5.0 4,13 703 


Comprehensive List of Parameters 


The comprehensive list of parameters shall be utilized 
for all samples during Phase I of sampling and yearly 
thereafter during Phase II at all sampling sites. 

This list will also be used in the case that the Alert 
Levels for indicator parameters are exceeded and a 
confirmation sample is needed. 


MAXIMUM GROUND- METHOD OF 
PARAMETER WATER LIMITS REF 1.p. (1) ANALYSIS 
“(milligrams 
per liter): 
Alkalinity 
(as carbonate) Reserved* 4 403 
Arsenic 0.05 1 206.2 
Barium 1.0 2 208.1 
Bicarbonate Reserved* 3 305.1 
Cadmium 0.010 1 213.2 
Calcium Reserved* 2 215.1 
Carbonate Reserve d* 4 403 
Chloride Reserved* 3 325.3 
Chromium (total) 0.05 1 218.2 
Copper 1.0 2 220.1 


(1) standard references are listed on Attachment I to 
this Permit. 


de) 
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(Continued) 
MAXIMUM GROUND- METHOD OF 


PARAMETER WATER LIMITS REF 1.0. (1) ANALYSIS 
(milligrams 


per liter) 
Fluoride 2.4 3 340.2 
Iron 0.3 2 236.1 
Lead 0.05 1 239.2 
Magnesium Reserved* 2 243.1 
Manganese Reserved* 2 243.1 
Mercury 0.002 1 245.1 
*Nitrate (as N) 10.0 3 --- 
Phosphate Reserved* 4 424 
Potassium Reserved* 2 258.1 
Selenium 0.01 1 270.2 
Silver 0.05 2 272.1 
Silica Reserved* - --- 
Sodium Reserved* 2 273.1 
Sul fate Reserved* 3 31563 
Total Dis- 
solved Solids Reserved* 3 160.3 
Zinc Reserved* 2 289.1 
(micromhos 
per_ centimeter) 
Specific 
Conductance Reserve d* 3 120.1 
(picocuries 
per liter) 
Gross Alpha 15 4,13 703 
Gross Beta 50 4,13 703 
Total Uranium Reserved* 9,10 --- 
Thorium 230 Reserve d* 9,10 --- 
Radium 226 Reserved* 4,7 705,706 


(1) standard references are listed on Attachment I to 
this Permit. 


* Reserved - Maximum Groundwater Limits shall be based 
on the ambient concentrations of chemical constituents 
in groundwater. A statistical analysis of the results 
of the Phase I monitoring program shall be used to 
determine the Maximum Groundwater Limits as follows: 


GROUNDWATER QUALITY 1” “ION qo 
PERMIT NO. G-0035-0& 


“Mining Oy cabysn 
\) 


STATE OF ARIZONA 


GROUNDWATER QUALITY PROTECTION PERMIT 


Part 1. AUTHORIZATION FOR FACILITY OPERATION SUCH THAT GROUNDWATER QUALITY 
OF THE STATE OF ARIZONA IS NOT ADVERSELY IMPACTED. 


In compliance with the provisions of A.R.S. 36-1851 et seq; A.A.C. 
Title 9, Chapter 20, Article 2; A.A.C. Title 9, Chapter 21, 
Article 23; and conditions set forth in this permit: 


Facility Name: Operator: 


“Hermit Mine Energy Fuels Nuclear, Inc. 


One Tabor Center, Suite 2500 
1200 Seventeenth Street 
Denver, Colorado 80202 


(B-38-04)17 
is authorized to operate the Hermit Mine, an underground uranium 
mine located approximately 21 miles south of Fredonia, Arizona in 
Mohave County over the groundwaters of Kanab Plateau Basin in 
Township 38 North; Range 4 West; Section 17, W 1/2 SW 1/4 - Gila 
and Salt River Base Line and Meridian. 


This permit shall become effective on the date of signature and 
shall be valid for 15 years provided that the facility is operated 
and maintained in compliance with the specific conditions, general 
conditions, and information documented or referenced in Parts I, 
Il, III and IV of this Permit and such that groundwater quality 
Standards are not violated (Part V). 


Lad Noeraae 


Brad L. Doores, Vice President 
Legal and Regulatory Affairs 
Energy Fuels Nuclear, Inc. 


Signed this i day of Signed ere iy | 


day of 


19 50 iitin de i9 ¥/ 


ald L. Milter, Ph.D., Assistant Director 
Afizona Department of Environmental Quality 
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Part II. SPECIFIC CONDITIONS (R9-20-208.C) 
A. Disposal/Containment Requirements 


dis Facility Water Containment 


The facility shall be designed, constructed and 
maintained such that there will be no migration of 
wastes or pollutants either directly to groundwater or 
to the vadose zone. 


a. The operator shall be restricted to the disposal of 
mine water and runoff from a 23-acre uranium mine 
site to a lined impoundment. All waters pumped 
from the underground and all runoff from the 23- 
acre mine operation's area shall be directed to the 
lined impoundment. The 12.6-acre-foot impoundment 
shall be lined with synthetic material equivalent 
to 36 mil Hypalon. The underlying surface shall 
contain no gravels greater than 1/4 inch. The 
operator shall maintain a minimum of 3-acre feet 
(2.4 feet) of freeboard in operating the 
impoundment. The operator shall maintain a reserve 
area for the construction of an additional lined 
impoundment following authorization for an increase 
in the mine yard disturbance area. The use of 
enhanced evaporation techniques shall be allowed as 
an alternative for controlling water level in the 
lined impoundment. 


b. The ore storage pads shall be constructed of 
crushed and compacted limestone and/or shale not 
less than 12 inches in thickness. The ore storage 
pads shall be sloped toward the edges and a runoff 
collection structure shall be constructed to ensure 
that all runoff from the ore piles shall be 
directed to the lined impoundment. 


c. The operator shall construct storm water diversion 
structures, as referenced in "Hydrologic 
Evaluations for the Proposed Hermit Uranium Mine", 
Dames & Moore, 1987, to control waters from no less 
than a 100-year, 24-hour precipitation event. The 
diversion structures shall be constructed from 
borrow material from within the operations area and 
shall be protected with heavy riprap. Al\l 
construction shall be performed to prevent runoff 
from the mine operations area. 


2s Sewage Disposal 
The permittee is restricted to dispose the sewage 


generated from the travel trailers, office and host 
buildings into a septic tank and associated leach 
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lines. The septic tank, constructed in accordance with 
plans approved by the Mohave County Health Department, 
shall have a capacity of no less than 1,600 gallons and 
receive a maximum of 1,000 gallons per day of sewage. 


Unauthorized Materials 


a. Materials authorized to be disposed of in the lined 
impoundment shall not include any materials that0O 
cause deterioration of the pond liner as indicated 
by the manufacturer's specifications for the liner 
material. 


Dis Materials authorized to be disposed of in all 
septic tanks are typical household sewage and shall 
not include mine water, motor oil, gasoline, 
paints, varnishes, laboratory wastes, solvents, 
fertilizers, pesticides or other materials not 
generally associated with toilet flushing, food 
preparation, laundry and personal hygiene. 


om Adequate supervision and operation shall be 
performed to ensure that all users of the facility 
are aware of and understand the 
containment/disposal requirements of Part I1.A.1. 


Discharge Source Limits 


Total domestic wastewater flow from the facility shall 
not exceed 1,000 gallons per day. 


Mining Limit 


Total depth of the mine workings shall not exceed 1,500 
feet below land surface. 


Modification 


This permit is issued contingent upon the above 
conditions. The permittee shall give ninety (90) days 
written advance notice to the Department of any 
modification to the above facility. 


Other Laws and Rules 


The operator must maintain compliance with all other 
State of Arizona laws and rules. The issuance of this 
permit does not waive any federal, state, county, or 
local government rules, regulations, or permits for 
which this facility may have to comply. 
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B. Monitoring Requirements, Record Keeping (R9-20-215 
1. Monitoring shall be conducted in three phases: 


Phase I - Pre-Mining - Ambient Groundwater 
Characterization 


Phase II - Mining - Evaluation of Possible Impacts 


Phase III- Post-Mining - Evaluate the Effectiveness of 
Closure Activities. 


a. Phase I - Pre-Mining 


The purpose of Phase I monitoring is to determine 
baseline, the ambient groundwater 

characteristics. Ambient groundwater shall be 
defined as the arithmetic mean plus two standard 
deviations of the chemical concentrations for each 
parameter. 


(1) The regional aquifer shall be sampled at the 
monitoring well, Department of Water 
Resources Well Registry No. 55-518877 as 
located at and constructed as described in 
Section 3.c. of the Notice of Disposal. The 
operator shall monitor this water 
suppl y/monitoring well quarterly for the 
parameters listed in Part II.B.2.b. 


(2) Water producing zones shall be monitored in 
the shaft during shaft sinking. Water 
quality and quantity shall be taken from 
every geologic unit which produces water at 
the time of shaft penetration and quarterly 
thereafter until mining commences. 


(3) Sixty (60) days after obtaining all of the 
Phase I water quality data as described 
above, the permittee shall submit a report 
to the Department's Water Permits Unit which 
summarizes the water quality data and 
establishes the Maximum Groundwater Limits 
for each sampling parameter. The 
Comprehensive List of Parameters listed in 
Part I1.B8.2.b. shall be utilized for this 
sampling report. 


Bs Phase II - Mining 
The purpose of monitoring during the mining phase 


is to determine what impacts, if any, the operation 
is having on the groundwater quality. 
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Discharge Monitoring 


On an annual basis the effluent from the 
septic system shall be sampled and analyzed 
for those parameters listed in Part 
I1.B.2.b. The sampling point shall be 
located after the effluent flows from the 
septic tank and before disposal to the leach 
trenches. 


Impoundment Monitoring 


The operator shall inspect the impoundment 
for mechanical damage, seam failure and 
maintenance of freeboard on a daily basis. 


Groundwater Monitoring 


The operator shall monitor the water 

suppl y/monitoring well, Department of Water 
Resources Well Registry No. 55-518877, 
quarterly for the parameters listed in Part 
I1.B.2.a. and annually for the parameters 
listed in Part I1.8.2.b. Static water level 
in the well shall be measured and recorded 
prior to sample pumping. If the well is 
used for production, pumping shall be 
suspended for 24 hours prior to observing 
the static water level. The operator shall 
evacuate at least one bore volume prior to 
sampling the monitoring well. The amount 
pumped shall be recorded. The water purged 
from the well shall be contained in the 
lined impoundment, stored in impervious 
containers, or used at the mine site. 


Mine Inflow Monitoring 


Mine inflows shall be monitored in the shaft 
and at the mine sump. Within the shaft, 
water quality and quantity shall be 
monitored annually from each geologic unit 
which continues to produce water for the 
parameters listed in Part I1.8.2.b. Water 
quality analysis shall not be subject to 
Maximum Groundwater Limits. 


Inflows within the mine shall be monitored 
at the mine sump for quality by quarterly 
sampling and analysis for the paraneters 
listed in Part II1.B.2.a. and annually for 
the parameters listed in Part II.B.2.b. 
Quantity of mine inflows shall be estimated 
on a quarterly basis taking into account the 
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consumption of water by underground drilling 
and dust control, and the return flows from 
these operations. Any significant inflows 
shall be depicted on a mine map and 
submitted to ADEQ as part of the quarterly 
report. 


Gs Phase III - Post-Mining 


The purpose of monitoring during the post-mining 
phase is to determine the effectiveness of the 
closure activities. 


The operator shall continue to monitor the water 
sampling/monitoring well, Division of Water 
Resources Well Registry No. 55-51877 semiannually 
during a minimum period of fifteen (15) years for 
the parameters in Part II.B.2.b. The Maximum 
Groundwater Limits shall be those calculated for 
Phase II (mining) groundwater monitoring. 


Constituents for Analyses 


Two categories of constituents for analysis shall be 
used while monitoring - indicator parameters with Alert 
Levels and comprehensive list of parameters with Maximum 
Groundwater Limits: 


ae Indicator Parameters 


If laboratory chemical analyses for a water sample 
would detect concentrations of gross alpha, gross 
beta, and/or any of the selected trace elements in 
excess of the alert levels, the source for the 
water sample would be resampled and analyzed for 
the comprehensive list of parameters: 
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METHOD OF 

PARAMETER ALERT LEVEL REF 1.0. (1) ANALYSIS 

milligrams 

per liter) 
Arsenic Reserved* 1 206.2 
Barium Reserved* 2 208.1 
Cadmium Reserved* 1 213.2 
Copper Reserved* 2 220.1 
Iron Reserved* 2 236.1 
Lead Reserved* 1 239.2 
Manganese Reserved* 2 242.1 
Mercury Reserved* 1 245.1 
Nitrate (as N)  Reserved* 3 --- 
Selenium Reserved* 1 270.2 
Silver Reserved* 2 272.1 
Zinc Reserved* 2 289.1 

(picocuries 

per liter) 
Uranium (total) Reserved* 9,10 --- 
Gross Alpha Reserved* 4,13 703 
Gross Beta Reserved* 4,13 703 


(1) standard references are listed on Attachment I to 
this Permit. 


* Reserved - Alert levels shall be established once 
Phase I - Premining Ambient Groundwater 
Characterization, has been completed and evaluated by 
the Department. 


Comprehensive List of Parameters 


The comprehensive list of parameters shall be utilized 
for all samples during Phase I of sampling and yearly 
thereafter during Phase II at all sampling sites. 

This list will also be used in the case that the Alert 
Levels for indicator parameters are exceeded and a 
confirmation sample is needed. 


MAXIMUM GROUND- METHOD OF 

PARAMETER WATER LIMITS REF 1.p.(1) ANALYSIS 

milligrams 

per_ liter) 
Alkalinity 

(as carbonate) Reserved** 4 403 

Arsenic Reserved** 1 206.2 
Barium Reserved** 2 208.1 
Bicarbonate Reserved** 3 305.1 
Cadmium Reserved** 1 213.2 
Calcium Reserved** 2 215.01 
Carbonate Reserved** 4 403 
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(Cont'd. ) 
MAXIMUM GROUND- METHOD OF 

PARAMETER WATER LIMITS REF 1.p. (1) ANALYSIS 

(milligrams 

per_ liter) 
Chloride Reserved** 3 325.3 
Chromium (total) Reserved** 1 218.2 
Copper Reserved** 2 220.1 
Fluoride Reserved** 3 340.2 
Iron Reserved** 2 236.1 
Lead Reserved** Hl 239.2 
Magnesium Reserved** 2 243.1 
Manganese Reserved** 2 243.1 
Mercury Reserved** 1 245.1 
Nitrate (as N) Reserved** 3 --- 
Phosphate Reserved** 4 424 
Potassium Reserved** 2 258.1 
Selenium Reserved** 1 270.2 
Silver Reserved** 2 272.1 
Silica Reserved** - “<= 
Sodium Reserved** 2 27 S64 
Sul fate Reserved** 3 37563 
Total Dis- 
solved Solids Reserved** 3 160.3 
Zinc Reserved** 2 289.1 

(micromhos 

per centimeter) 
Specific 
Conductance Reserved** 3 120.1 

(picocuries 

per_ liter) 
Gross Alpha Reserved** 4,13 703 
Gross Beta Reserved** 4,13 703 
Total Uranium Reserved** 9,10 --- 
Thorium 230 Reserved** 9,10 --- 
Radium 226 Reserved** 4,7 705,706 


(1) standard references are listed on Attachment I to 
this Permit. 


** Reserved - Maximum Groundwater Limits shall be 
based on the ambient concentrations of chemical 
constituents in groundwater. A statistical analysis 
of the results of the Phase I monitoring program shall 
be used to determine the Maximum Groundwater Limits as 
follows: 
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(1) If a primary or secondary drinking water 
standard or Maximum Groundwater Limit has been 
established for a parameter by Arizona State 
regulatory agencies, and if the arithmetic mean 
plus two standard deviations of concentrations 
of the parameter in groundwater samples 
obtained during the pre-mining period does not 
exceed the drinking water standard, the Maximum 
Groundwater Limit shall be the drinking water 
standard. 


If the arithmetic mean plus two standard 
deviations of concentrations of the parameter 
exceeds an established primary or secondary 
drinking water standard, the Maximum 
Groundwater Limit shall be the arithmetic mean 
plus two standard deviations of concentration 
of the parameter in groundwater samples. 


(2) If a primary or secondary drinking water 
standard has not been established by the 
regul atory agencies for a parameter and the 
parameter is detected in groundwater samples 
during the pre-mining period, or if the 
arithmetic mean plus two standard deviations of 
concentrations in groundwater samples obtained 
during the pre-mining period exceeds the 
established drinking water standard, then the 
Maximum Groundwater Limit shall be the 
arithmetic mean plus two standard deviations of 
the pre-mining concentrations. 


(3) If a paraneter is not detected during the pre- 
mining monitoring period, and a primary or 
secondary drinking water standard has not been 
established for the parameter, the Maximum 
Groundwater Limit shall be twice the detection 
limit for the EPA laboratory method used. 


Monitoring Forms 


All monitoring results shall be recorded and reported on 
the Self-Monitoring Form supplied by ADEQ. This form 
should be given to the laboratory performing the analysis. 


Reporting 


The permittee shall submit a report summarizing progress of 
the mine development and monitoring results on an annual 
basis. The report shall contain a current site plan, a 
map of the underground mine workings including elevations, 
and shall indicate the locations of all monitoring sites 
required by this permit. All analytical monitoring results 
for the previous quarter shall be postmarked no later than 
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the 28th day of the second month following the completed 
reporting period as indicated below: 


Self-Monitoring Report Forms for are due by 
lst Quarter (Jan, Feb, Mar) May 28 
2nd Quarter (Apr, May, Jun) Aug 28 
3rd Quarter (Jul, Aug, Sep) Nov 28 
4th Quarter (Oct, Nov, Dec) Feb 28 


All laboratory reports shall be submitted to the following 
location: 


Arizona Department of Environmental Quality 
OWQ - Water Pollution/UST Compliance Unit 
2005 North Central Avenue 

Phoenix, Arizona 85004 


Contingency Requirements 


1. Should any of the monitoring results required by this 
permit exceed the alert level specified for a particular 
parameter, the permittee shall immediately notify the 
Department of the apparent exceedance and resample to 
determine the validity of the sample result. 


re In the event that a confirmed exceedance of the Maximum 
Groundwater Limit specified in Part II1.B.2.b. occurs at the 
monitoring well, the operator shall submit a report within 
60 days which assesses the impacts from the exceedance and 
the mining operation. 


Se In the event that the minimum freeboard requirement 
specified in Part II.A.1l.a. is violated, the permittee 
shall construct an additional impoundment equivalent in 
construction to the lined impoundment required by Part 
LL.As leas 


4. In the event that any portion of the containment system or 
the septic system fails, resulting in the violation of 
permit conditions, the owner/operator shall notify the 
Department's Water Pollution/UST Compliance Unit and the 
Mohave County Health Department immediately to determine 
the appropriate action to mitigate the effects of the 
violation. 


Closure/Post Closure 


1. The Department shall be notified in writing at least one 
hundred and eighty (180) days prior to closure or 
abandonment of the facility. The operator shall submit and 
have approved an updated Post-closure Plan prior to this 
time. 
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Upon cessation of mining operations, the operator shall 
implement the closure plan as referenced in the approved 
Plan of Operations. In the event that a geologic formation 
continues to produce water during the operational life of 
the mine, such formation shall be isolated from the lower 
geologic unit by the installation of a clay plug, a 40% 
clay/60% crushed shale plug or a bentonite plug in the main 
shaft, the air shaft and the monitoring well. 


The operator shall submit construction plans, 
specifications and techniques for the installation of the 
plugs, for the Department's approval, sixty (60) days prior 
to their installation. 


Following the expiration date of this permit, the permittee 
shall continue monitoring listed in Part II.B.1.c. ona 
quarterly basis. In the event that a Maximum Groundwater 
Limit as described in Part II.B.2.b. is confirmed to be 
exceeded, the permittee shall immediately notify the 
Department and, within 30 days of such a violation, submit 
a plan to mitigate the effects of the violation. 


In the event of abandonment, the septic tank shall have the 
sewage removed therefrom and be completely filled with 
earth, sand, gravel, or concrete. The top cover over the 
septic tank shall be removed before filling and the filling 
shall extend to the level of the top of the ground. 


E. Compliance Schedule (R-20-219 


1. 


Within 60 days of the completion of the main shaft sinking, 
the operator shall submit an analysis showing that the 
collection sumps are impermeable and the sumps do not leak 
or the operator shall provide a plan for containment. 


The operator shall notify the Water Pollution/UST 
Compliance Unit no less than 7 days prior to the 
installation of the liner specified in Part II.A.1. 
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Part III. REFERENCES: PERTINENT INFORMATION 


A. References 


The terms and conditions set forth in this permit have been developed 
based upon the information contained in the following: 


L 


Groundwater Field Inspection Form(s) dated 


2. Notice of Disposal dated June 14, 1987 

3. Groundwater Impact Review dated August 4, 1987 

4. Plan Review File Number 

5. Permit Application dated 

6. Groundwater Impact Review dated 

7. Avendmnents to 2 and 4 dated 

8. Public Notice dated September 14, 1987 

9. Public Hearing comments, correspondence letters, and any additional 
supplemental information contained in the facility permit file. 

10. Other 


B. Facility Information 


Modified: 4-18-97 


l. 


4 


Facility contact person Michelle R. Rehmann, Env. Mgr. 


Address 950 Independence Plaza 
1050 17th Street 


Denver, CO 80202 


3. 


Emergency Telephone Number: Business (303) 628-7798 


Home 
The Department shall be notified within 30 days of a change in the 
facility contact person. 


Landowner of Facility Site __ B.L.M. 
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Part III. REFERENCES: PERTINENT INFORMATION 


A. References 


The terms and conditions set forth in this permit have been 
developed based upon the information contained in the following: 


1. Groundwater Field Inspection Form(s) dated 


ae Notice of Disposal dated June 14, 1987 
3. Groundwater Impact Review dated August 4, 1987 
4. Plan Review File Number 

5. Permit Application dated 

6. Groundwater Impact Review dated 

7. Amendments to 2 and 4 dated 


8. Public Notice dated September 14, 1987 


9. Public Hearing comments, correspondence letters, and any 
additional supplemental information contained in the 
facility permit file. 


10. Other 


B. Facility Information 
1. Facility Contact Person Roger Smith 


Qe Address Energy Fuel Nuclear, Inc. 
P. 0. Box 36 


Fredonia, AZ 86022 
3. Emergency Telephone Number: Business (602) 643-7321 


Home ( ) 


The Department shall be notified within 30 days of a 
change in the facility contact person. 


4, Landowner of Facility Site B.L.M. 


RIMS DB - VOLUME LOG 
Hermit Mine Clean Closure Inventory #100299 
International Uranium (USA) Corporation 


VOLUME | CONTENTS oe 
NUMBER 
001 Administrative Folder, 
Correspondence, dated 12/1987 to 01/1989 
= Correspondence, dated 07/1990 to 01/1999 Lo 


Report - The Hermit Project Draft Environmental Assessment: 04/07/1987 
Report - Hermit Mine - Groundwater Conditions: 03/20/1987 

Report - Hermit Mine - Hydrologic Evaluations: 02/1987 

Report - Pinenut Mine - Groundwater Protection Permit G-0036-08: 02/1990 
Report - Hermit Mine - Review of Shaft & Raise Closure Plan: 02/1990 
Report - Hermit Mine - (Barringer Laboratories): 05/03/91 

Report - Hermit Mine - (Barringer Laboratories): 05/03/91 

Report - Hermit Mine - Water Quality Data Evaluation: 06/1991 

Report - Hermit Mine - Water Quality Data Evaluation: 06/1991 

Report - Hermit Mine - Clean Closure Report:12/18/1998 

Report - Hermit Mine - Clean Closure Report:12/18/1998 

Report - Hermit Mine - Clean Closure - Additional Information Requests: 01/29/1999 
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File Inventory - Hermit Mine Clean Closure Inventory #100299 
International Uranium (USA) Corporation 


# 


| oor | Permit folder, Correspondence, dated 12/1987 to 01/1989 


Correspondence, dated 07/1990 to 01/1999 


Report - The Hermit Project Draft Environmental Assessment: 04/07/1987 
Report - Hermit Mine - Groundwater Conditions: 03/20/1987 

Report - Hermit Mine - Hydrologic Evaluations: 02/1987 

Report - Pinenut Mine - Groundwater Protection Permit G-0036-08: 02/1990 
Report - Hermit Mine - Review of Shaft & Raise Closure Plan: 02/1990 
Report - Hermit Mine - (Barringer Laboratories): 05/03/91 

Report - Hermit Mine - (Barringer Laboratories): 05/03/91 

Report - Hermit Mine - Water Quality Data Evaluation: 06/1991 

Report - Hermit Mine - Water Quality Data Evaluation: 06/1991 

Report - Hermit Mine - Clean Closure Report: 12/18/1998 

Report - Hermit Mine - Clean Closure Report:12/18/1998 

Report - Hermit Mine - Clean Closure - Additional Information Requests: 01/29/1999 
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5 Ron Miller 


O Action O Comments REMARKS: 
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O Investigate O See Remarks 


Final Groundwater Quality Protection Permit 
Hermit Mine No. G-0035-08 


FROM 
Gerri Plain 


ADEQ/ADM/OSS-105(4/87) 


2 DEPARTMENT OF ‘occteimee 


Inter-Office Memorandum 


TO: Ronald L. Miller, Ph.D., Assistant Director Ly 
Office of Water Quality 


FROM: Lyndon R. Hammon, Section Manager wr 
Plan Review and Permits Section 


RE: Hermit Mine 
Final Groundwater Quality Protection Permit No. G-0035-08 


Attached for your signature is a final and official Groundwater Quality 
Protection Permit (GWQPP) for the above referenced facility. The facility, 
located approximately 21 miles south of Fredonia, Arizona, in Mohave County 
will consist of mine workings to a depth of approximately 1500-feet and a 23 
acre surface operations area. The facility will be constructed as a zero 
discharge facility except for a septic system for disposal of typical domestic 
wastes. All waters pumped from the underground and all runoff from the 
surface facility shall be directed to a lined surface impoundment and storm 
water will be diverted around the facility. All water containment and 
diversion structures shall be designed, constructed and maintained to control 
waters from no less than a 100-year, 24-hour precipitation event. 


This GWQPP has received the required 30-day internal and external review, and 
a 30-day Public Notice period has expired. 


Attached are copies of the Affidavit of Publication, the Public Notice and 
Responsiveness Summary for the comments received during the external/internal 
review. 


If you have any questions concerning this permit, please contact Miguel 
Santiago 257-6806. 


LRH:1b 
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TOs 
FROM: 


RE: 


x | DEPARTMENT OF environmen QM ry 


: Inter-Office Memorandum 


December 08, 1987 


File 

Miguel A. Santiago 

Water Permits Unit ‘ 

Hermit Mine 

Groundwater Quality Protection Permit No. G-0035-08 
Responsiveness Summary 


Michael Leach, State Permits Hydrology Unit 
COMMENTS 


COMMENT 1. Upon obtaining all Phase I (pre-mining) water quality data as 


described in Part II.B.l.a. of the draft permit, a report which 
summarizes the water quality data and establishes the Maximum 
Groundwater Limit (MGL) for each sampling parameter should be 
submitted to ADEQ. MGL's should be assigned using the procedure 
described in Part II.B.2.b of the draft permit. 


RESPONSE 1: Item (3) is added to part II.B.1l.a. to read: 


(3) Sixty (60) days after obtaining all of the Phase I 
water quality data as described above, the permittee shall 
submit a report to the Department's Water Permits Unit 
which summarizes the water quality data and establishes the 
Maximum Groundwater Limits for each sampling parameter. 

The Comprehensive List of Parameters listed in Part 
I1.B.2.b. shall be utilized for this sampling report. 


COMMENT 2: The proposed Phase III (post mining) groundwater sampling 
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frequency and subsequent data manipulation used to 
determine the eventual cessation of sampling activities 
(described in Part II1.B.1.c.2. of the draft permit) should 
be changed. The problem is that the draft permit does not 
take into consideration the potential length of time 
necessary from any contaminated water from the mine shaft 
to travel several hundred feet to the regional water 

table. If the vadose zone is not substantially fractured, 
travel time could take several years, depending on the 
verticle permeability of the vadose zone rock formations. 
Therefore, a long term, post-closure sampling program 
should be implemented. The sampling program should last 15 
years with semiannual sampling of the on-site water 
supply/monitor well. Water quality analyses should include 
the parameters listed in part II.B.2.b. of the draft 
permit, and the MGL's should remain the same as calculated 
for Phase II (mining) groundwater monitoring. 


RESPONSE 2: 


COMMENT 1: 


RESPONSE 1: 


COMMENT 2: 


RESPONSE 2: 


COMMENT 3: 


RESPONSE 3: 


COMMENT 4: 


RESPONSE 4: 


Phase III-Post-Mining of the draft permit is modified to read: 


The operator shall continue to monitor the water sampling 
/monitoring well, Division of Water Resourses Well Registry 
No. 55-511877 semiannually during a minimum period of 
fifteen years for the parameters in Part II.B.2.b. The 
Maximum Groundwater Limits shall be those calculated for 
phase II (mining) groundwater monitoring. 


Jerry Breckenridge-Northern Regional Office 


Possible necessity for overflow structure to prevent 
breaching of dike. 


The lined impoundment shall be constructed in a similar way 
as Canyon Mine's impoundment facility, referenced in 
Exhibit A of the Canyon Mine permit application. The 12.6 
acre-foot impoundment shall be lined with synthetic 
material equivalent to 36 mil Hypalon. A minimum freeboard 
of 2.4 feet shall be maintained as well as a reserved area 
for the contruction of additional impoundment if 

necessary. Part II.E. 2. (Compliance Schedules) requires 
that the operator notify the Department no less than 7 days 
prior to the installation of the liner for the purpose of 
inspection and to verify adherence to the permit 
requirements 


Possible necessity for underdrain leachate recovery system for 
the ore storage pad. 


The permit requires that the ore storage pad shall be sloped 
toward the edges and a runoff collection structure shall be 
constructed to ensure that all runoff from the piles shall be 
directed to the lined impoundment. 


Submit exact sampling points for reference and months of 
activity. 


Part B.4. of the permit requires that the annual report of 
monitoring activities indicate the location of all monitoring of 
sites required by this permit. Part B.I.a. (2) shall be 
modified to include that discrete samples shall be taken for 
monitoring in the water producing units in the shaft. 


Thickness, construction techniques, certification of 
construction of plug. 


The following is added to item 2 of Part II.D regarding the 
plug: 


The operator shall submit constructions plans, 
specifications and techniques for the installation of the 
plugs, for the Department's approval, sixty (60) days prior 


COMMENT 5: 
RESPONSE 5: 


MAS:1b 


Re eo 


to their installation. 


Proper abandonment of septic tank as per uniform plumbing code. 


Part 
read: 


Part 


II1.D.4. regarding abandonment of septic tank is modified to 


In the event of abandonment, the septic tank shall have the 
sewage removed therefrom and be completely filled with 
earth, sand, gravel, or concrete. The top cover over the 
septic tank shall be removed before filling and the filling 
shall extend to the level of the top of the ground. 


II.A.2. Sewage disposal is modified to read: 


The permittee is restricted to dispose the sewage generated 
from the travel trailers, office and host buildings into a 
septic tank and associated leach lines. The septic tank, 
constructed in accordance with the plans approved by the 
Mohave County Health Department, shall have a capacity of 
no less than 1,600 gallons and receive a maximum of 1,000 
gallons per day of sewage. 


The following is added to Part II.b.1.b. (1) Discharge 
Monitoring: 


The sampling point shall be located after the effluent 
flows from the septic tank and before disposal to the leach 
trenches. 


if oo DEPARTMENT OF ENVIRONM GAL Ts 
ey nter-Office Memorandum 
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TQ: See Distribution / aN 
THRUY Roger Kennett, Program Supervisor [s es > | 
Existing Groundwater Facilities Team e Oh gel 
/ 2 ¢ ~ .} 
Nexis Russell Cf ia ae . 
Existing Groundwater, Facilitjes Team NER ee 
vgs * B pech. SA NEO fie 
RE: Hermit Mine 


Draft Groundwater Quality Protection Permit No. G-0035-08 


Attached for your review and comment is the draft permit for the referenced 
facility. The applicant, Energy Fuels Nuclear, Inc., has proposed to operate 
Hermit Mine located approximately 21 miles south of Fredonia, Arizona, in 
Mohave County. The facility will consist of mine workings to a depth of 
approximately 1500-feet and a 23-acre surface operations area. The facility 
will be constructed as a zero discharge facility except for a septic system 
for disposal of typical domestic wastes. All waters pumped from the 
underground and all runoff from the surface facility shall be directed to a 
lined surface impoundment and storm water will be diverted around the 
facility. All water containment and diversion structures shall be designed, 
constructed and maintained to control waters from no jess than a 100-year, 24- 
hour precipitation event. 


Please return any comments and objections you may have concerning this permit 
to the Water Permits Unit within thirty (30) days of the date of this memo. 
If you have any questions concerning this permit, please contact me at 257- 
6806. 


CR:mm 
Attachment 


Distribution: 

Skip Hellerud, Manager, Weter Permits Unit 

Lyndon Hammon, Manager, Pien Review and Permits Section 

Sally L. Mapes, Manager, Compliance Section 

Jack Bale, Water Assessment Section 

Phil King, Manaaer, Emergency Response & Remedial Projects Section 

Norm Weiss, Manager, Office of Planning & Program Development 

Bill Wiley, Manager, Hydrology Section 
yx Harley HiettouManac Northern: Regror 

echnical Review Unit 


Be Gp clerk pee 


BRT 
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Part I. 


GROUNDWATER QlALITY PROTECTION 


PERMIT NO. x} 


STATE OF ARIZONA 


GROUNDWATER QUALITY PROTECTION PERMIT 


AUTHORIZATION FOR FACILITY OPERAT!9N SUCH THAT GROURDWATER QUALITY 
OF THE STATE OF ARIZONA IS NOT ADVERSELY IMPACTED. 


In compliance with the provisions of A.R.S. 36-1851 et Seq; AALS 
Title 9, Chapter 20, Article 2; A.4.c. Title 9, Chapter 2l, 
Article 2; and conditions set forzn in this permit: 


Facility Name: Operator: 


Hermit Mine Energy Fuels Nuclear, Inc. 
One Vabor Center, Suite 2500 
1250 Seventeenth Sireet 
Denver, Colorado 80?0? 


is authorized to operate the Herm’* Mine, an underoround uranium 
mine located approximately 21 miies south of Fredonie, Arizone in 
Mohave County over the groundwaters of Kanab Plateeu Lesin in 
Township 38 North; Range 4 West; Section 17, W 1/2 Sw i/4 - Gila 
and Salt River Base Line and Meridian. 


This permit shall become effective on the date of sianéture anc 
shall be valid for 15 years provicedc that the faciiizy is opereted 
and maintained in compliance with <he specific conc. tions, ogeneré| 
conditions, and information documented or referencec in Farts fT, 
I], III and IV of this Permit and such that grounawerer quality 
Standards are not violated (Part \}. 


ee ee a eee AeA a OY Oe nc a nem amt i rn manent 


Brad L. Doores, Vice President Geralc 1a Sethe Ph.D., Directs 


Legal and Regulatory Affairs 


Energy Fuels Nuclear, Inc. 


Signed this = 


day of Signed =nis _ day of 
19 19 


ood ee 


N 
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ITIONS (RS-20-208.C) 


A. Disposal/Containment Requirements 


1. Facility Water Containment 


The facility shall be designed, constructed and 
maintained such that there will be no migration of 
wastes or pollutants either directly to groundwater or 


| AY { ] | Fa 


to the vadose zone. 


The operator shall be restrictec to the disposal of 
mine water and runoff from < 23-acre uranium mine 
site to @ lined impoundment. Ail waters pumpec 
from the underground and ali runoff from tne 23- 
acre mine operation's area snali be directed to tne 
lined impoundment. The 12.c-acre-foot impoundment 
shail be lined with synthetic meterial equivelert 
to 36 mil Hypalon. The underiying surface snaii 
contain no gravels greater inen 1/4 inch. The 
Operator shall maintain a minimum of 3-acre feer 
(2.4 feet) of freeboard in opereting the 
impoundment. The operator snl} maintain a reserve 
area for tne construction o% an additional linec 
impoundment following perner atest for an increase 
in the mine yard disturbance arez. The use of 
enhanced evaporation techni cues shell be allow 
an aiternative for controliing water level in 
lined impoundment. 


c+ oD 
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The ore storage pads shall oe constructed cf 
crushed and compacted limestone and/or sheie nox 
less than 12 inches in thickness. The ore store ge 


pads shall be sioped towarc zne 2edoes and @ runc7? 
collection structure shall ps constructed to ensure 
that ali runoff from the ore siies shall be 
directed to the lined impourncmen. 


The operator shall construc. storm water diversion 
structures, aS referenced ir: » “Hysrol ost c 
Evaluations for the Proposec sermit Uranium Mine”, 
Dames & Moore, 1987, to conr7s1] waters from no ‘ess 
than a 100-year, 24-hour precipitation event. Tne 
diversion structures shall 5¢ constructed from 
borrow material from within ine operations area and 
Shall be protected with heavy riorap. All 
construction shall be perfovmed <o prevent runcti 
from the mine operations arsé. 


J 2. Sewage Disposal 


4 = The operétor shall construct a sentic system with a 


nt 4 ; 
2 {v design capacity of 1,000 gallons ser day. The septic 
7 system shall be constructed in eccordance with plans 
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approved by the Mohave County Health Department. The 
septic system shall consist of a septic tank no less 
than 1,600 gallons and associated leach lines. 


3. Unauthorized Materials 


a. Materials authorized to be disposed of in the lined 
impoundment shall not include any materials that 
cause deterioration of the pond liner as indicated 
by the manufacturer's specifications for the liner 
material. 


b. Materials authorized to be disposed of in all 
Septic tanks are typical household sewage and shall 
not inciude mine water, motor oil, gasoline, 
paints, varnishes, laboratovy wastes, solvents, 
fertilizers, pesticides or other materials not 
generaily associated with toilet flushing, food 
preparetion, laundry and personal nygiene. 


c¢. Adequate supervision and operation shall be 
performed to ensure thet 211i users of the facility 
are aware of and undersctanc the 
containment/disposal requirements of Part 11.4.1. 


4, Discharge Source Limits 


Total domestic wastewater fiow from the facility shal} 


not exceed 1,000 gallons per day. 
5. Mining Limit 


oval depth of the mine workines shall not exceed 1,500 
eet below jand surface. 


‘ 
£ 
i 


6. Modification 


This permit is issued contingent upon che above 
conditions. The permittee snail give ninety (90) cays 
ne Department of any 
VWity. 


% written advance notice tc t 
modificetion to the above 7 


c 
o 
\wr 


c 
B. Monitoring Requirements, Record Keening (RS- 20-215) 
1. Monitoring shall be conducted in three phases: 


Phase 1 - Pre-Mining - Ambient Groundwater 
Cnaracterization 


Phase II - Mining - Evaluation of Possible Impacts 


Phase Ill- fost-Mining - Evaluate the Effectiveness of 
Closure Activities. 


ce Gé 4 0T ¢b 
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a. Phase I - Pre-Mining 


The purpose of Pnase I monitoring is to determine 
baseline, the ampient groundwater 

characteristics. Ambient groundwater shall be 
defined as tne arithmetic mean plus two standard 
deviations of tne chemical concentrations for each 
parameter. 


(1) The recional aquifer shall be sampled at the 
monitoring well, Department of hater 


- 


Well ADWR 55-518877 
completed 1/12/1988 


located 22. and constructed as described in 
Section 7.c. of the Notice of Disposal. The 
operate’ shall monitor this water 

suppl monitoring well quarterly fad the 
parameters listed in Part 11.B.2. 


(2) Water producing zones shall pe monitored in 
the shaft during shaft sinking. water 
tty end quantity shall s¢ taken from 
every oediogic unit which produces water at 
the time of shaft penetration anc quarterly 
thereafter until mining commences, 


b. Phase II - Minine 
The purpose co? m:nitoring during the mining phase 
is to determine wnat impacts, if any, the operation 
is having on tne groundwater quality. 
(1) Discherce Monitoring 
On en @nnuél basis the effiuent from the 


sepzic system shall be sampied and analyzed 
for tnose psarameters listed in Part 


(2) Impoundmert Monitoring 
The ¢nevetor shall inspect the impoundment 
for talc damage, seam failure and 
mainvenance of freeboard on é daily basis. 
(3) Grouncweter Monitoring 


The cozrezor shall monitor tine water 

Suppiv. monitoring well, Depercment of Water 
Resources well Registry No. 

quarzer,yv for the parameters i:isted in Part 
Flot saxts vi annually for tne parameters 
liste? th Part TT.B.2.b. tetic water level 
in tne wei] shall be measurec and recorded 
prior zo sampie pumping. if the well is 
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used for production, pumping shall be 
suspended for 24 hours prior to observing 
the static water level. The operator shail 
evacuate at least one bore volume prior to 
Sampling the monitoring well. The amount 
pumped shall be recorded. The water purged 
from the well shall be contained in the 
lined impoundment, stored in impervious 
containers, or used at the mine site. 


Mine inflow Monitoring 


Mine inflows shall be monitored in the shaft 
and at the mine sump. Within the shaft, 
water quality and quantity shall be 

~~monitored annually from each geologic unit 
which continues to produce water for the 
parameters listed in Part JI.B.2.b. Water 
quality analysis shall not be subject to 
Maximum Grouncwater Limits. 


Inflows within tne mine shall be monitored 
at ie mine hans for quality by quarterly 
Sar 


li Stee in Part “Tt B.2.a. and annuelly for 
the perameters iisted in Part I1.E.2.b. 
Quantity of mine inflows shall be estimated 
on &@ cSuarterly basis taking into eccount the 
consumption of water by undergrounc drilling 
anc dust control, and the return flows from 
these Operations. Any significant inflows 
shail pe depicted on a mine map anc 
Suomizzed to ADEQ as part of the quarterly 
report. 


c. Phase Til - Post-Mining 
The purpose of monitoring during the post-mining 


phase is to determine the effectiveness of the 
ciosure activities. 


(1) The onsrator shel] monitor the water — 
suppi y/monitoring well, Division ov Water 
Resources Well Registry No. , quarterly 
for th parameters in Part II.B.2.5. 

(2) The sampling can be discontinued when the 


sampiing location is no longer accessible or 
when tne average concentrations o7 ail 
pareméters are less than or equal to the 
imum Groundwater Limit plus twe standard 
gevigtions. The arithmetic average shall be 
celcuiated based on a five-point running 


2. 
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average, the latest concentration and the 
four previous concentrations after closure. 


Any individual concentrations that exceed 
the pre-mining mean concentration plus four 
Standard deviations shall be rejected as 
anomalous and not used for calculation of 
the five-point running averages unless two 
samples in a row exceed the mean 
concentration. 


Constituents for Analyses 


Two categories of constituents for analysis shali be 
used while monitoring - indicator parameters witn Alert 
Levels and comprehensive list of parameters with Maximum 
Groundwater Limits: 


a. Indicator Parameters 


If laboratory chemical analyses for a water sample 
would detect concentrations of gross aipha, gross 
beta, and/or any of the selected trace elements in 
excess of the alert levels, the source for the 
water sample would be resampled and eralyzed for 
the comprehensive list of parameters: 
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METHOD OF 
PARAMETER ALERT LEVEL REF I.D.41) — anatysis 
(miliigrams 


per liter) 


Arsenic 0.025 1 206.2 
Barium 0.5 2 208.1 
Cadmium 0.005 1 213.2 
Copper 0.5 2 220.1 
Iron, 0.15 2 236.1 
Lead 0.025 ] 239 «2 
Manganese Reserved* 2 242.1 
Mercury 0.001 ] 245.1 
Nitrete (as N) 5.0 3 mo 
Selenium C.005 ] 271 0a2 
Silver 0.025 2 Di lied 
Zinc 5.0 2 289.1 

(picocuries 

per liter) 
Uranium (total) Reserved* 9,10 --- 
Gross Alphe 5.0 4.13 703 
Gross Beta 300 4,13 703 


Comprehensive List cf Parameters 


The comprehensive list of parameters shall be utilized 
for a1] samoles during Phase I of sampling and yearly 
thereafter during Phase II et all sampling sites. 

This list will also ne used in the cese that tne Alert 
Levels for indicator parameters are exceeded and a 
convirmation sampie is needed. 


MAXIMJM GROUND- 5 METHOD OF 
PARAMETER WATER LIMITS REF 1.0.(2) — anatysts 


(miiliovams 


Alkesinity 


(as carbonate) Reserved* 4 403 
Arsenic G.. 6% 1 206.2 
Barium 0 2 208.1 
Bicarbonate keserved* 3 305.1 
Cadmium G. 010 1 Cusae 
Calcium keserved* 2 reahctee | 
Cerponate Reserved* 4 403 
Chioride keserved* 3 325.3 
Chromium (total) 0.05 1 212.2 
Copper 1.0 2 220.1 
f \ 

\Licsandare references are listed on Attachment 1 to 


this Permit. 
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WW MAXIMUM GROUND- ; METHOD OF 
ae We PARAMETER WATER LIMITS REF 1.p. (1) ANALYSIS 
yee (milligrams 
per liter) 
Fluoride 2.4 3 340.2 
Iron 0.3 2 236.1 
Lead 0.05 1 239.2 
Magnesium Reserved* z 243.1 
Manganese Reserved* 2 243.1 
Mercury 0.002 ] 245.1 
Nitrate (as N) 10.0 3 -o- 
Phosphate Reserved* 4 424 
Potassium Reserved* 2 258.1 
Selenium 0.01 1 270.2 
Silver 0.05 2 2) eek 
Silica Reserved* . --- 
Sodium Reserved* 2 2731 
Sul fate Reserved* 3 37553 
Total Dis- 
solved Solids Reserved* 3 160.3 
Zinc Reserved* 2 289.1 
(micromhos 
_ber_centimeter) 
Specific 
Conductance Reserved* 3 120.4 
(picocuries 
per iter) 
Gross Alpna 15 ei 703 
Gross Beta 50 big bd 703 
Total Uranium Reserved™ 920 --- 
Thorium 230 Reserved* G20 --- 
Radium 226 Reserved* 4,7 705,706 


(l)standard references are listed on Attachment I to 
this Permit. - 


* Reserved - Maximum Groundwater Limits shall be based 
on the ambient concentrations of chemical constituents 
in groundwater. A statistical ane ‘sis of the results 
of the Phase I monitoring program ¢:.all be used to 
determine the Maximum Groundwater Limits as follows: 
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If a primary or secondary drinking water 
standerd or Maximum Groundwater Limit has been 
established for a parameter by Arizona State 
regulatory agencies, and if tne aritnmetic mean 
plus two standard deviations of concentrations 
of the parameter in groundwater samples 
obiained during the pre-mining period does not 
: exceed the drinking water standard, the Maximum 
JX /v Groundwater Limit shail be the drinking water 


A pg rds ee a 
AG ee ae arithmetic mean plus two stancard 
(f va deviations of concentrations of the parameter 
KP 4-9: y exceeds an established primary or secondary 
Aid a Grinking water standard, the Maxims 
(¢ Groundwater Limit shall be the arithmetic mean 


plus two standard devietions of concentration 


a of whe parameter in groundwater sampies. 

(2) lf @ primary or secondary drinking weter 
sténdard has nox peen establisnec by the 
reaulezory agencies for a parameter and the 
parameter is detected in groundwater samples 
auring the pre-mining perioc, or if che 


arithmetic mean olus two Stancard deviations of 
concentretions in groundwater samoles obtained 
during the pre-nining period exceecs the 
estaplisned drink# ng wever standarc, then the 
Maximum Groundweter Limit sné1) pe the 

ritnmetic mean plus two standard ceviations of 
tne pré-rining concentrations. 


(3) If &€ peremeter is not detect 
ining monitorins perioc, an 
concerv drinking water pete cart nés not been 
zapiisned for tne Parameter, ine Meximum 
ndveter Limit shall] be twice the detection 
imit for the EPA laboratory metnoa used. 


Cy 


. Monitoring Forzs 


All monitoring wesults shal} be recorded and repo-ted on 
the Sel f- Monitor‘ ng Form suppijed by ADEC. This form 
should be given zo the laboratory performince <né analysis. 


4. Reporting 


The permittee shall submit @ report summarizing trogress of 
the mine deveiomment and monitoring results on er annual 
basis, The rezort shall contéin @ current site plan, 

map of the undercround mine workinces inciudino e \evations, 
and shell incicezte tne locations of all monitoring sites 
required by this permit. Ail analytical mon‘<or‘ng results 
for the previous quarter shel] be postmarked no jater than 
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att wid Wikies” the 28th day of the second month following the completed 

Na VAs reporting period as indicated below: 
Self-Monitoring Report Forms for are due by 
lst Quarter (Jan, Feb, Mr) May 28 
2nd Quarter (Apr, May, Jun) Aug 28 
3rd Quarter (Jul, Aug, Sep) Nov 28 
Ath Quarter (Oct, Nov, Dec) Feb 28 


All laboratory reports shal] be submitted to the following 
location: 


Arizona Department of Environmental Quality 
OWWOM - Water Pollution/UST Compliance Unit 
2005 North Central Avenue 

Phoenix, Arizona &5004 


a6 C. Contingency Requirements 


‘ 4 
A | jt, 1, Should any of the monitoring results required by this 
(\? 2. permit exceed the alert level specified for a particular 
| aw b parameter, the permittee shall immediately notify the 
iy Ved “Department of the apparent exceedance and resample to 
“4 f\ determine the valicity of the sample result. 


< 
ce 
i 

no 


i/ ‘ In the event that = confirmed exceedance of the Maximum 

1 J Groundwater Limit specified in Part I1.B.2.b. occurs at the 
4 monitoring well, the operator shall submit a report within 

60 days which assesses the impacts from the exceedance and 

the mining operation. 


3. In the event that tne minimum freeboard requirement 
specified in Part 13.A.1.a. is violated, the permittee 
shall construct an edditional impoundment equivalent in 
construction to the lined impoundment required by Part 
TI.A.l.a. 


4, In the event that any portion of the containment system or 
the septic system feils, resulting in the viciation of 
permit conditions, the owner/operator shall notify the 
Department's Water rollution/UST Compliance Unit and the 
Mohave County Healtn Department immediately to determine 
the appropriate action to mitigate the effects of the 
Violation. 


ue The Department shall be notified in writing at least one 
hundred and eighty (180) days prior to closure or 
abandonment of the facility. The operator shall submit and 
have approved an updated Post-closure Plan prior to this 
time. 
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Upon cessation cf mining operations, the operator shal] 
implement the closure plan as referenced in the approved 
Plan of Operations. In the event that a geologic formation 
continues to produce water during the operational life of 
the mine, such formation shall be isolated from the lower 
geologic unit by the installation of clay, shale or 

z= bentonite plugs in both the main shaft, the air shaft and 
he the monitoring well. 


23 Following the expiration date of this permit, the permittee 
shall continue monitoring listed in Part J1.B.l.c. ona 
quarterly basis, In the event that a Meximum Groundwater 
Limit as described in Part 11.8.2.b. is confirmed to be 
exceeded, the permittee shall immediately notify <he 
Department and, within 30 days of such a violation, submit 
a plan to mitigate the effects of the violation. 


4. In the event that the septic system is abandoned for any 
reason, any remaining septage shall be disposed of off-site 


at.a locayzion approved to accept such westes. AND GS 
priypends ALMOND YY, DC | 
Compliance Schedule (R-20- 21°) a 


1. Within 60 days of the completion of the main shefz sinking, 
the operator shal] submit an analysis showing that the 
collection sumps are impermeable and the sumps do not jeak 
or the operator shall provide a plan for containment. 

The operator shall notify the Water Pollution/UST 
Compliance Unit no less than 7? days prior to the 
installation of the liner specified in Part II.A.2. 
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EFERENCES: PERTINENT INFORMATION 


Re ferences 


The terms and conditions set forth in this permit have been 
developed based upon the information contained in the following: 


As 


10, 


Groundwater Field Inspection Form(s) dated 


Notice of Disposal cated June 14, 1987 
Groundwater Impact Review cated August 4, 1987 
Plan Review File Number 

Permit Application cated 

Groundwater Impact Review cated 


Amendments to 2 and 4 dated 


Public Notice dated September 24, 19&7 


Public Hearing comments, correspondence letters, and any 
additional supplemental information contained in the 
facility permit file. 


Other 


Facility IJnformetion 


Li 
a 


ATER ORR a a ee re ne ame 


Facility Contact Person 


Address 


Emergency Telephone Number:~ Business (_ } 
Home ( —) 


oe 


The Department snail be notified within 30 cays of a 
change in tne facility contact person. 


Landowner of Facility Site B. L. M. 


“ARIZ DEPARTMENT OF ENVIRONMENTAL « sLITY 


Inter-Office Memorandum 


9/30/87 


TO: See Distribution 


THRU: Roger Kennett, Program Supervisor 
Existing Groundwater Facilities Team 


FROM: Carol Russell C#2— 
Existing Groundwater Facilities Team 


RE: Hermit Mine 
Draft Groundwater Quality Protection Permit No. G-0035-08 


Attached for your review and comment is the draft permit for the referenced 
facility. The applicant, Energy Fuels Nuclear, Inc., has proposed to operate 
Hermit Mine located approximately 21 miles south of Fredonia, Arizona, in 
Mohave County. The facility will consist of mine workings to a depth of 
approximately 1500-feet and a 23-acre surface operations area. The facility 
will be constructed as a zero discharge facility except for a septic system 
for disposal of typical domestic wastes. All waters pumped from the 
underground and all runoff from the surface facility shall be directed to a 
lined surface impoundment and storm water will be diverted around the 
facility. All water containment and diversion structures shall be designed, 
constructed and maintained to control waters from no less than a 100-year, 24- 
hour precipitation event. 


Please return any comments and objections you may have concerning this permit 
to the Water Permits Unit within thirty (30) days of the date of this memo. 
If you have any questions concerning this permit, please contact me at 257- 
6806. 
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Distribution: 

Skip Hellerud, Manager, Water Permits Unit 

Lyndon Hammon, Manager, Plan Review and Permits Section 

Sally L. Mapes, Manager, Compliance Section 

Jack Bale, Water Assessment Section 

Phil King, Manager, Emergency Response & Remedial Projects Section 
Norm Weiss, Manager, Office of Planning & Program Development 

Bill Wiley, Manager, Hydrology Section 

Harley Hiett, Manager, Northern Regional Office 

Technical Review Unit 


ADEQ/ ADM/ Stock (Rev. 4-87) 


EXTERNAL REVIEW CC LIST: (NOTE: ONLY THOSE OFFICES OR PERSONS CHECKED 
ON THE LIST ARE TO BE INCLUDED IN 
THE DISTRIBUTION OF THIS LIST ARE 
TO RECEIVE COPIES OF ATTACHED. ) 


CHECK MARK PERSON AND/OR AGENCY 
U.S. ENVIRONMENTAL PROTECTION AGENCY, REGION IX, MAIL 
XX DROP W1-G 
ARIZONA DEPARTMENT OF WATER RESOURCES, ATTN: CLAY 
XX CADY 
XX ARIZONA DEPARTMENT OF COMMERCE 


BUREAU OF LAND MANAGEMENT (IF ON OR NEAR THEIR LAND), 
(FIND APPROPRIATE REGION FROM MAP) 


NATIONAL FOREST (IF ON THEIR LAND) 
Camreeienp ___ACTIVE MANAGEMENT AGENCY (PHX., MARK 
FRANK, TOM CARR, PINAL, LESTER SNOW, TUCSON) 


CACOW ND COUNTY HEALTH DEPARTMENT 


PIMA COUNTY WASTEWATER MANAGEMENT DEPARTMENT (INSIDE 
PIMA COUNTY ONLY) 


K} COG ASSOCIATION OF GOVERNMENTS, (MAGE, 
PAG, CAAG, SEAGO, WACOG, NACOG) 


Co ceomnined COUNTY PLANNING AND ZONING COMMISSION 


FACILITY/DESIGN ENGINEER: 


ee] IT 


CITY (DEPT.): 


ARIZONA STATE LAND DEPARTMENT (IF ON THEIR LAND) 
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LYNDON 2. HAMMCN, MANAGER, PLAN REVIEW & PERMITS SECTION x 
SALLY L. MAPES, MANAGER, COMPLIANCE SECTION x 
JACK BALE, MANAGER, WATER ASSESSMENT cs 


PHIL KING, ACTING MANAGER, EMERGENCY RESPONSE & REMEDIAL 


PROJECTS SECTION < 


NORM WEISS, ACTING MANAGER, OFFICE OF PLANNING & PROGRAM 
DEVELOPMENT Xx 


BILL WILEY, MANAGER, HYDROLOGY UNIT « 


DENNIS PONTIUS, MANAGER, TECHNICAL REVIEW UNIT 

BARRY ABBOTT, MANAGER, SOLID WASTE UNIT (for landfill vermits) ee te 
ROBERT HOLLANDER, MANAGER, CENTRAL REGIONAL OFFICE 

JIM MASTON, MANAGER, SOUTHERN REGIONAL OFFICE 


HARLEY HLETT, MANAGER, NORTHERN RECTONAL OFFICE X = 
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Inter-Office Memorandum 


9/30/87 


TO: See Distribution 
THRU: Roger Kennett, Program Supervisor a4 
Existing Groundwater Facilities Team 


FROM: Carol Russell CA— 
Existing Groundwater Facilities Team 


RE: Hermit Mine 
Draft Groundwater Quality Protection Permit No. G-0035-08 


Attached for your review and comment is the draft permit for the referenced 
facility. The applicant, Energy Fuels Nuclear, Inc., has proposed to operate 
Hermit Mine located approximately 21 miles south of Fredonia, Arizona, in 
Mohave County. The facility will consist of mine workings to a depth of 
approximately 1500-feet and a 23-acre surface operations area. The facility 
will be constructed as a zero discharge facility except for a septic system 
for disposal of typical domestic wastes. All waters pumped from the 
underground and all runoff from the surface facility shall be directed to a 
lined surface impoundment and storm water will be diverted around the 
facility. All water containment and diversion structures shall be designed, 
constructed and maintained to control waters from no less than a 100-year, 24- 
hour precipitation event. 


Please return any comments and objections you may have concerning this permit 
to the Water Permits Unit within thirty (30) deys of the date of this memo. 
If you have any questions concerning this permit, please contact me at 257- 
6806. 
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Distribution: 

Skip Hellerud, Manager, Water Permits Unit 

Lyndon Hammon, Manager, Plan Review and Permits Section 

Sally L. Mapes, Manager, Compliance Section 

Jack Bale, Water Assessment Section 

Phil King, Manager, Emergency Response & Remedial Projects Section 
Norm Weiss, Manager, Office of Planning & Program Development 


Harley Hiett, Manager, Northern Regional Office 
Technical Review Unit 


ADEQ/ADM/ Stock (Rev 4-87) 


Part 1. 


brad 


L. Doores, Vice President 
Legal and Regulatory Affairs 


GHUJNDWATER QUALITY ‘ UTECTION 


PERMIT NO. G-0035-0 


DRAFT 


STATE OF ARIZONA 


GROUNDWATER QUALITY PROTECTION PERMIT 


AUTHORIZATION FOR FACILITY OPERATION SUCH THAT GROUNDWATER QUALITY 
OF THE STATE OF ARIZONA IS NOT ADVERSELY IMPACTZD. 


In compliance with the provisions of A.R.S. 36-1851 et seq; A.A.C. 
Title 9, Chapter 20, Arzicie 2; A.A.C. Title %, Chapter 21, 
Article 2; and conditions set forth in this permit: 

Facility Name: Operator: 

Energy Fuels Nuciear, Inc. 
One Tabor Cenrery, Suite 2500 
1200 Seventeer=n Street 
Denver, Coloredo 80202 


Hermit Mine 


underground uranium 

Freconia, Arizona in 
Pleveau Basin in 

1/2 SW 1/4 - Gila 


is authorized to operate the Hermit Mine, an 
mine located approxime~e:y 21 miles south of 
Mohave County over the croundwaters of Kanab 
Township 38 North; Range ¢ West; Section 17, 
and Seit River Base Line enc Meridian. 


~ 


This permit shali become e*fective on the dete of signature and 
shall be valid for 1& veers provided that the Tecivity 's e operates 
and maintained ir comp\‘ence with the specific conditions, general 
conditions, and informezion documented or ri terenced in Parts I, 
Il, III anda IV of this Sermit and such that grounawater quality 
standards are not violates (Part V). 


QO 
| 


> 
CG 


r 


rald Teletzke, Pril.. Director 
Arizona Department of Environmental Health 


eri 


Energy Fuels Nuclear, Inc. 


Signed this 


day of Signed this aay crt 
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A. Disposal/Containment Requirements 


1 Facility Water Containment 


The facility shall be designed, constructed and 
maintained such that there will be no migration of 
wastes or pollutants either directly to groundwater or 
to the vadose zone. 


a. The operator shall be restricted to the disposal of 
mine water and runoff from a 23-acre uranium mine 
site to a lined impoundment. Al; waters pumped 
from the underground and all runcff from the 23- 

acre mine operation's area shali be directed to the 
lined impoundment. The 12.6-ecre-foot impounament 


shall be lined with synthetic mérerial equivalent 
to 36 mil Hypalon. The underlying surface shal] 
contain no gravels greater then i/4 inch. The 
operator shall maintain a minimum of 3-acre feet 
(2.4 feet) of freeboard in operating the 
impoundment. The operetor snzeli meécntain a reserve 
area for the construction of an edcitional lined 


impoundment following authorizétion Tor an increase 
in the mine yard disturbance aree. Tne use o7 
enhanced evaporation techniques shail be allowed as 
an alternative for controlling water jevel in the 
lined impoundment. 


b. The ore storage pads shali be constructed of 
crushed and compacted limestone anc/or snale not 
jess than 12 inches in thickness. ne ore storage 
pads shall be sloped toward the ¢d and a runoff 
collection structure shall pe cx zed to ensure 

j 14 


fal 
ons 
that all runoff from tne ore piles 
n 


Di 

directed to the lined impoundm 

c. The operator shall construct storm water diversion 
Structures, as referenced in "Hycroiogic 


Evaluations for the Proposec Hermit Urarium Mine" 
Dames & Moore, 1987, to control weters from no less 
4 


i 
than a 100-year, 24-hour precipitetion event. The 
diversion structures shall pe constructed from 
borrow material from within the cpoerations area and 
Shall be protected with heavy riprec. Aj] 
construction shall be performed to prevent runoff 


from the mine operations aréé. 
2. Sewage Disposal 
The operator shall construct a septic system with a 


design capacity of 1,000 gallons per cz:. The septic 
System shall be constructed in eccorcence with plans 


Monitorinc Reauirements, Record Keerin: ‘'RO-70-2715 
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sia approved by the Mohave County Hezitn Department. The 
septic system shall consist of ~ septic tank no less 
than 1,600 gallons and associatec leach lines. 


a6 Unauthorized Materials 


a. Materials authorized to be disposed of in the lined 
impoundment shall not include any materials tnat 
cause deterioration of the pond liner as indicated 

y the manufacturer's speci‘icetions for tne liner 
Meterial. 


b. Materials authorized to be cisposed of in a1) 
septic tanks are typical nouwsenol¢c sewage and shall 
not include mine water, morcr 07), gaS0) hie, 
paints, varnishes, laborezvovy wastes, solvents, 
fertilizers, pesticides or czhner materials no 
oenerally associated with wo‘iet fiushing, 7 
preparation, laundry and pe~sonal nygiene. 


Adeauate supervision and cperetion shail be 

performed to ensure that <.i users of ine facility 

are aware of and understanc zune 
containment/disposal requirements of Party I:.A.1. 


&. Discharge Source Limits 


omestic wastewater flow ‘rom tne faciiizy snail 
eec 1,000 galions per aé.. 


qt 


. Mining Limit 


en of the mine workings snmeil not exceea 2,500 
w land surface. 


Ou 


condizions. The permittee shzli siv ine 
writter advance notice to the Deseriment 07 


This permit is issued contingent upocn une a 
ive ninet 
mGGi ection to the above faciliz.. 


< 
Le woom 
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2. Monitoring shall be conducted in <nree pnases: 


Phase 1 - Pre-Mining - Ambien: Groundwater 
Characterization 


Phase iI - Mining - Evaluation of Possible Impacts 


Phase lii- Post-Mining - Evalueve the Effectiveness 071 
Closure Activities. 
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Phase 1 - Pre-Mining 


The purpose of Phase I monitoring is to determine 
baseline, the ambient groundwater 

characteristics. Ambient groundwater shall be 
defined as the arithmetic mean plus two standard 
deviations of the chemical concentrations for each 
parameter. 


(1) The regional aquifer shel] be sampled at the 
monitoring well, Devervment of Water 
Resources Well Regisiry No. as 
located at and constructed as described in 
Section 7.c. of the Notice of Disposal. The 
operator shall monizor tnis water 
suppl y/monitoring wel: quarterly for the 
parameters listed in Part II.B.2.b. 


(2) later producing zones 57211 be monitored in 
the shaft during she*: sinking. Water 
quality and quantity snéil be taken from 
every geoiogic unit wnich produces water at 
the time of shaft peneztrezion and quarterly 
thereafter until mining commences. 


b. Phase II - Mining 
Durpose of monitoring during the mining phase 


Tne 
is to determine what impacts, if any, the operation 
is having on the groundwater aquality. 


(1) Discharge Monitorinc 
On an annual basis zhe e*fiuent from the 
septic system shali ve sampled and analyzed 
for those parameters iisted in Part 
12. BisiZ «Dis 

(2) Impoundment Monitorinc 


The operator shall inssect the impoundment 
for mechenical damase, seem failure and 
maintenance of freeboevd on a daily basis. 


(3) Groundwater Monitorinc 


The operetor shall monitor the water 

suppl y/monitoring wei., Department of Water 
Resources Well Regiszry Ne. ; 
querterly for the pavameters listed in Par 
I1.B.2.a. and annualiv for the parameters 
listed in Part II.£.2.5. Static water level 
in the weil shall be meesured and recorded 
prior to sample pumsinz. If the well is 
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used for production, pumping shail be 
suspendec for 24 nours prior to observing 
the static water level. The operator shall 
evacuate at least one bore volume prior to 
sampling the monitoring well. The amount 
pumped shall be recorded. The water purged 
from the well shall be contained in the 
lined impoundment, stored in impervious 
containers, or used at the mine site. 


Mine Infiow Monitoring 


Mine inflows shall be monitored in the shaft 
and at tne mine sump. Within the shaft, 
water quzlity and quantity shali be 
monitorec annually from each geologic unit 
which cortinues to produce water for tne 
paramete~s listed in Part II.B.2.b. Water 
quality enalysis shall not be subject to 
Maximum Groundwater Limits. 


Inflows within the mine shall be monitored 
at the mine sump for quality by quarterly 
samplinc and arialysis for the paremeters 
listed in Part II1.B.2.a. and annueily for 
the paremeters listed in Part 11.5.2.b. 
Quantizy of mine inflows shall be estimated 
on @ quevverly basis taking into account the 
consumpzion of water by underground driiling 
anc dusz control, and the return fiows from 
these operations. Any significant inflows 
shail be depiczed on a mine map and 
Supmitiec to ADEQ as part of tne quarterly 
report. 


Phase II] - Post-Mining 


The purpose o* monitoring during the posi-mining 


phase iS te determine tne effectiveness of the 
closure activities. 


(1) 


The operetor shall monitor the wei 
Suppl y/monitoring well, Division of We 
Resources Wel! Registry No. > quay 
for the parameters in Part II.£.2.5. 


t(D 
+ 


The sampiing can be discontinued when t 
Samoling location is no longer eccessid 
when the average concentrations o7 all 
parameters are less than or eaquéel to the 
Maximum Groundwater Limit plus twe standard 
deviations. The arithmetic averace shail be 
caicuieted based on a five-point running 
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mA 
ee Wb tert & vias Si 
am The Ye S average, the latest concentration and the 
ee AT ale? . ; 

aK NS four previous concentrations after closure. 
AKRAM 

al) ee : 

Aw Any individual concentrations that exceed 


the pre-mining mean concentration plus four 
Standard deviations shall be rejected as 
anomalous and not used for calculation of 
the five-point running averages unless two 
Samples in a row exceed the mean 
concentration. 


Be Constituents for Analyses 


Two categories of constituents for analysis shall be 
used while monitoring - indicator parameters with Alert 
Levels and comprehensive list of parameters with Maximum 
Groundwater Limits: 


a. Indicator Parameters 


If laboratory chemical analyses for a water sample 
would detect concentrations of gross alpha, gross 
beta, and/or any of the selected trace elements in 
excess of the alert levels, tne source for the 
water Sample would be resampied and analyzed for 
the comprehensive list of parameters: 
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aetyynt 
: METHOD OF 
PARAMETER LERT LEVEL Ref i.p.(1) = anacysis 
(milligrams 
per liter) 
Arsenic 0.025 1 206.2 
Barium 0.5 2 208.1 
Cadmium 0.005 1 23:2 
Copper 0.5 2 220.1 
Iron 0.15 2 236.1 
Lead 0.025 1 £3t.2 
Manganese Reserved* 2 242.1 
Mercury 0.001 1 245.1 
Nitrate (as N) 5.0 3 --- 
Selenium 0.005 1 276.2 
Silver 9.025 2 2h26k 
Zinc 5.0 2 28¢.1 


(picocuries 
per liter) 


Uranium (total) Reservec* 9,10 --- 
Gross Alpha 50 4,13 7G3 
Gross Beta 5.0 4,13 703 


Comprehensive List of Parameters 


The comprehensive list of parameters shall be uti:ized 
for all samples curing Phase 1 of sampling and yearly 
thereafter during Phase i] at éil sampling sites. 

This list will @.so be used in the case that the Alert 
Levels for indicetor parameters are exceeded and a 
confirmation samoie is needec. 


MAXIMUM GROUND- ; METHOD OF 

PARAMETER WER LIMITS pzF 1.D. (2) — anarvers 

(mi. ligrams 

per liter} 
Alkalinity 

(as carbonate) Reservec* 4 403 

Arsenic 0.05 i 206.2 
Barium 1<0 2 208.1 
Bicarbonate Reserved* 3 305.1 
Cadmium 0.010 1 22 Sad 
Calcium Reservec* 2 22 5:0 
Carbonate Reservec*™ 4 403 
Chloride Reservec* 3 325.3 
Chromium (total) 0.05 1 218.2 
Copper £0 2 220.1 


{ . * Ld 
(1) standare references are listed on Attachment I to 


this Permiz. 
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AN wer MAXIMUM GROUND- METHOD OF 
ake) Vee PARAMETER WATER LIMITS REF I.D.(1) ANALYSIS 
a (milligrams 
per liter) 
Fluoride 2.4 3 340.2 
Iron 0.3 2 236.1 
Lead 0.05 1 239.2 
Magnesium Reservec* 2 243.1 
Manganese Reserved™ 2 243.1 
Mercury 0.002 1 245.1 
Nitrate (as N) 10.0 3 --- 
Phosphate Reserved” 4 424 
Potassium Reserved* 2 258.41 
Selenium 0.01 1 270.2 
Silver 0.05 2 leat 
Silica Reserved” - --- 
Sodium Reserved™ 2 2) aed 
Sul fate Reserved” 3 375.53 
Total Dis- 
solved Solids Reserved* 3 160.3 
Zinc Reservec*™ 2 289.1 
(micromhos 
per centimeter) 
Specific 
Conductance Reserved* 3 120..1 
(picocuries 
per liter) 
Gross Alpha 15 £,13 703 
Gross Beta 50 4,13 703 
Total Uranium Reserved* 2,10 --- 
Thorium 230 Reservec*™ ¢,10 --- 
Radium 226 Reserved* é,/7 705,706 


(1) standard references are listed on Attachment I to 
this Permit. - 


* Reserved - Maximum Groundwater Limits sheil be based 
On the ambient concentrezions of chemical constituents 
in groundwater. A statistical analysis of <he results 
of the Phase I monitorine program shall be used to 
determine the Maximum Groundwater Limits es follows: 
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If a primary or secondary drinking water 
Standard or Maximum Groundwater Limit has been 
established for a parameter by Arizona State 
regulatory agencies, and if the arithmetic mean 
plus two standard deviations of concentrations 
of the parameter in groundwater samples 
obtained during the pre-mining period does not 
exceed the drinking water standard, the Maximum 
Groundwater Limit shall be the drinking water 
standard, 


If the arithmetic mean plus two standard 

deviations of concentrations of the parameter 

exceeds an established primary or secondary 

drinking water standard, the Maximum 

Groundwater Limit shall be the aritnmetic mean 

pius two standard deviations of concentration 
the parameter in groundwater samples, 


(2) If a primary or secondary drinking water 
Standard has not been estabiished by 
regulatory agencies for a parameter and the 
parameter is cetected in groundwater samples 
auring the pre-mining perioc, or if the 
arithmetic mean plus two standard devietions of 
concentrations in groundwater samples obtained 
curing the pre-mining period exceeds the 
€staDlished drinking water stanagard, then the 
wis Hi tea Groundwater Limit shall be the 
ritnmetic meen plus two standard deviations of 
the pre-mining concenirations. 


7 a parameter is not detected during the pre- 
mining monitoring period, and a primary or 
econdery Grinking water stendard hes nov Deen 
ioleees lished for the parameter, the Maximum 
roundwater Limit shall be twice the detection 
mit for the =PA laboratory method usec. 


Monitoring Forms 


Ail monitoring results shel} be recorded and reported on 
tne Self-Monitoring Form supplied by ADEQ. This form 
snould be civen to the laboratory performing the anéiysis. 


Reporting 


Tne permizzee shall submit a report Summarizing progress of 


cne mine cevelopment and monitoring results on an annual 
besis., The report shal] contain a current site plan, a 
map of tne unaerground mine workings including elevezvicns, 
end shall incicate the locetions of all monitoring sites 
required >y this permit. All analytical monitori ng re sults 
yur the previous quarter shall be postmarked no jeter chan 
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the 28th day of the second month following the completed 
reporting period as indicated below: 


Self-Monitorincg Report Forms for are due by 


lst Quarter (Jan, Feb, Mar) May 28 
2nd Quarter (Apr, May, Jun) Aug 28 
3rd Quarter (Jul, Aug, Sep) Nov 28 
4th Quarter (Oct, Nov, Dec) Feb 28 


All laboratory reports shall be submitted to the following 
location: 


Arizona Department of Environmental Quality 
OWWQM - Water Pollution/UST Compliance Unit 
2005 North Central Avenue 

Phoenix, Arizona 85004 


Contingency Reauiremenzs 


di Should any of the monitoring results required by this 
permit exceed the alert level specified tor a particular 
parameter, the permittee shall immediateiy notify tne 
Department of the apnarent exceedance anc resample to 
determine the validity of the sample result. 


Bes In the event thet e@ confirmed exceecance of the Maximum 
Groundwater Limit specified in Part JI.E.2.5. occurs at the 
monitoring well, ~he operator shall submit = report within 
60 days wnich assesses the impacts from tne exceedance and 
the mining operation. 


In the event the= the minimum freeboard requirement 
specifiec in Part Ii.A...a. iS violated, tne permittee 
Shall corstruct an eccitional impoundmen= ecuivalent in 
construcvion to une jined impoundment required by Pert 
Lia fat 8» 


w 
. 


4, In the event that any portion of the conzainment system or 
the septic system fe“is, resulting in tne violetion of 
né owner/operavor sh 


permit conditions, < 2.1 notify tne 
Departmer='s Water Pollution/UST Compliance Unit anc the 
Mohave County Hee th Desartment immeciat my co determine 
the adpropriate action to mitigate the e‘fects of tne 


violazior.. 
D. Closure/ Post Ciosure 


qe The Department shell be notified in writing at leas: one 
hundred end eighty (18C) days prior to ciosure or 
abandonment of tne facility. The operator small suomit and 
have approved an upcated Post-closure Pian prior to this 
tim. 
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Upon cessation of mining operations, the operator shall 
implement the closure plan as referenced in the approved 
Plan of Operations. In the event that a geologic formation 
continues to produce water during the operational life of 
the mine, such formation shall be isolated from the lower 
geologic unit by the installation of clay, shale or 
bentonite plugs in both the main shaft, the air shaft and 
the monitoring well. 


Following the expiration date of this permit, the permittee 
shall] continue monitoring listed in Part IJI.B.1.c. on a 
quarterly basis. In the event that a Maximum Groundwater 
Limit as described in Part I1.B.2.b. is confirmed to be 
exceeded, the permittee shall immediately notify the 
Department and, within 30 days of such a violation, submit 
a plan to mitigate the effects of the violation. 


In the event that the septic system is abandoned for any 
reason, any remaining septage shall be disposed of off-site 
ata location approved to accept such wastes. 


Compliance Schedule (R-20- 21°) 


Lis 


Within 60 days of the completion of the main shaft sinking, 
the operator shall susmit an analysis showing that the 
collection sumps are impermeabie and the sumps co not jeak 
or the operator shall provide @ plan for containment. 


The operator shall notify the Water Pollution/UST 
Compliance Unit no jess than 7 days prior to the 
installation of the liner specified in Part I].A.1. 


fer Zee 


RAE FUR Re 
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Part III. REFERENCES: PERTINENT INFORMATION 


A. 


Re ferences 


The terms and conditions set forth in this permit have been 


deve] 


bs 


to 
. 


10. 


Faci ] 


wW 
. 


oped based upon the information contained in the following: 


Groundwater Field Inspection Form(s) dated 


Notice of Disposal dated June 14, 1987 
Groundwater Impact Review dated August 4, 

Plan Review Fiie Number 

Permit Application dated 

Groundwater Impact Review dated 

Amendments to 2 and 4 dated 

Public Notice dated September 14, 1987 
Public Hearing comments, correspondence letzers, and any 
additional supplemental information contained in the 
facility permit file. 


Other 


ity Information 
Facility Contact Person 


Address 


Emergency Telephone Number: Business ( ' 


Home ( 


~h 
om 


The Department shall be notified w-thin 30 cays o 
change in the facility contact person. 


Landowner of Facility Site B. L. M. 


DATE: 


TOE 


THRU: 


FROM: 


RE: 


H-4515.171 
ARIZONA DEPARTMENT OF ENVIRONMENTAL QUALITY 


Inter-Office Memorandum 
October 19, 1987 


Miguel Santiago, EHS II 
Water Permits Unit 


Debra Daniel, Manager oth) 


State Permits Hydrology Unit 


Michael Leach, Hydrologist Mbpe— 
State Permits Hydrology Unit 


Hermit and Pinenut Mines 


Due to the great similarity between the above referenced facilities, their Draft 
Groundwater Quality Protection Permits have been reviewed together and the 
following comments have been made: 


1) 


ML:d] 


ADEQ; ADM, Stock (Rev. 4-87) 


Upon obtaining all of Phase I (pre-mining) water quality data as 

described in Part II.B.1.a of the draft permits, a report which sum- 
marizes the water quality data and establishes the Maximum Groundwater 
Limit (MGL) for each sampling parameter should be submitted to ADEQ 
for each facility. MGL's should be assigned using the procedure 

described in Part II.B.2.b. of the draft permits. 


The proposed Phase III (post-mining) groundwater sampling frequency 
and subsequent data manipulation used to determine the eventual cessa- 
tion of sampling activities (described in Part II.B.1.c.2. of the 
draft permits) should be changed. The problem is that the draft per- 
mit does not take into consideration the potential length of time 
necessary for any contaminated water from the mine shaft to travel 
several hundred feet to the regional water table. If the vadose zone 
is not substantially fractured, travel times could take several years, 
depending on the vertical permeability of the vadose zone rock 
formations. Therefore, a long-term, post-closure sampling program 
should be implemented. This sampling program should last 15 years 
with semi-annual sampling of the on-site water supply/monitor well. 
(Hermit and Pinenut Mine) and the spring at Willow Springs (Pinenut 
Mine). Water quality analyses should include the parameters listed 
in Part II.B.2.b. of the draft permit, and MGL's should remain the 
same as calculated for Phase II (mining) groundwater monitoring. 


The contingency requirements listed in Part II.C.2. of the Pinenut 
Mine draft permit should include a report which assesses the impacts 
of a confirmed exceedence of an MGL occurring at the spring at Willow 
Springs. 


ARIZONA DEPARTMENT OF ENVIRONMENTAL QUALITY 


: September 4, 1987 

EOPONa HET SEZkSY Ph.D. , 
Director 

Mr. Harold R. Roberts 

Senior Project Engineer 

Energy Fuels Nuclear, Inc. 

One Tabor Center, Suite 200 

1200 Seventeenth Street 

Denver, Colorado 80202 


Dear Mr. Roberts: 
RE: Hermit Mine - Groundwater Quality Protection Pennit No. G-0035-08 


A Notice of Disposal has been received and given a preliminary review for the 
above referenced facility. In accordance with A.A.C., Title 9, Chapter 20, 
Section 205 of the Water Pollution Control Permit System, this letter serves 
as notification: 


X 1. Of our intent to issue a Groundwater Quality Protect ion 
Permit. You should, however, be reminded that operations may not 
commence until a groundwater permit is issued. 


2. The issuance of the permit is contingent on technical approval of 
plans and specifications by ADEQ, Technical Review Unit or the 
appropriate County Health Department. 


3. That the facility does not comply with the criteria listed in 
R9-20-208.A, and as such, a full permit application will be required. 
The regulations (R9-20-208.A) require you to first submit a proposal 
for a permit application. It is suggested you contact this office 
to arrange a pre-proposal meeting. I have enclosed a copy 
of the "Outline of Requirements for a Permit Application". 


4. That the NOD is incomplete, and further information will be required 
to complete the preliminary review. (see attachment ) 


X 5. Other - Construction of the facility may commence at your own risk 


that requirements may change prior to issuance of the final permit. 


However, no disposal is permitted until the permit is issued, 


If you have any questions, please call me at 257-6806. 


Sincerely, 


| ar 


Carol Russell 
Water Permits Unit 
CR:mm 


cc: Hydrology Unit 
Technical Review Unit 
William A. Almas, Energy Fuels Nuclear, Inc. 


The Department of Environmental Quality is An Equal Opportunity Affirmative Action Emplover 


Central Palm Plaza Building 2005 North Central Avenue Phoenix, Arizona 85004 


energy fuels nuclear, inc 


one tabor center * suite 2500 (303) 623-8317 
1200 seventeenth street * denver, colorado 80202 twx 910-931-2561 


August 31, 1987 


Ms. Carol Russell 

Water Permits Unit 

Arizona Department of Health Services 
Central Palm Plaza Building 

2005 North Central Avenue 

Phoenix, Arizona 85004 


Re: Hermit Notice of Disposal 


Dear Ms. Russell: 


Energy Fuels Nuclear, Ine. requests authorization to 
construct a septic system at the Hermit mine site located in 
Coconino County, Arizona. Inflow to the system will consist of 
domestic sewage and wash water from the shower facilities. No 
industrial wastes or shop wash water will drain to the septic 
tank and leach field. 


If you have any questions concerning this matter, please 
contact me at our Denver office. 


Very truly yours, 


ifs \ 4 
8, Oe eee | 1G wee - 

William J. Almas 

Environmental Coordinator 


WJA:smm 
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energy fuels nuclear, inc. 


one tabor center * suite 2500 (303) 623-8317 
1200 seventeenth street * denver, colorado 80202 twx 910-931-2561 


June 10, 1987 


Ms. Carol Russell 

Water Permits Unit 

Arizona Department of Health Services 
State Health Building 

1740 West Adams Street 

Phoenix, Arizona 85007 


Re: Notice of Disposal Form - Hermit Mine 


Dear Ms. Russell: 


Please find enclosed the completed Notice of Disposal form 
and enclosures for the Hermit e located in Mohave County, 
Arizona. Please note that the Hermit mine has been designated as 
a new facility for your permitting process. 


If you have any questions or require additional information, 
please feel free to contact me. 


Very truly yours, 


W. J. 
Environmental Engineer 


WJA: smm 
Enclosure 
ec: . Vincelette, Energy Fuels 
. Doores, Energy Fuels 

. Smith, Energy Fuels 


. Roberts, Energy Fuels 
. Hembree, Energy Fuels 


ORO 
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18000 W. 6TH AVE., SUITE 300 
GOLDEN, COLORADO 80401 


PHONE: (303) 277-1687 
BARRINGER LABORATORIES INC. 1455 DEMING WAY, SUITE 18 
SPARKS, NEVADA 60431 
PHONE: (702) 368-1168 
Energy Fuels Nuclear, Inc. 
One Tabor Center, Suite 2500 
1200 Seventeenth Street 
Denver, CO 80202 
ATTN: William J. Almas 
LGN: 6539 
Sample SO, TDS TSS Specific Conductance 
Identification mg/1 mg/1 mg/1 umho/cm 
Hermitt HU 536-024 2300 4120 87 3950 
Water sample HU 536-024 
was collected on 2/12/87 
from a borehole inside of NH U 
the breccia pipe (pg. 204) Phenols Turbidity as Ne S Dissolved 
mg/1 JTU mg/1 ng/1 mg/1 


The R/M water well 
(55-518877) was not < 
drilled until 1/12/88 pe : wie = 368 ppb 


U Gross Alpha Gross Beta Th 230 
Suspended pCci/1 pci/1 pci/1 
mg/1 +Precision* +Precision* +Precision* 
Uranium is is the 
greatest contributor to 0.0106 750 + 70 390 + 20 1.3 = 0.9 
gross alpha. It is not 
possible to have 750 
pCi/L of alpha radiation Ra 226 Pb 210 Po 210 Ra 228 
and only have a 264 pci/1 pci/1 pCci/1 : pci/1 
ppb of dissolved U #Precision* #Precision* #Precision* 2#Precision* 
300 + 10 104 + 2 5.9 £ Tel T.5 £ 1,0 


* Variability of the radioactive disintegration process 
(counting error) at the 95% confidence level, 20 


; a ae oe 
Approved by _ ~~ z_. % pls 
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BARRINGER LABORATORIES INC. 


Energy Fuels Nuclear, Inc. 


One Tabor Center, 


1200 Seventeenth Street 


Denver, CO 80202 


ATTN: 


Client No. 
Sample Type: water 


Date Collected: 


William J. Almas 


Suite 2500 


Sample As 
Identification mg/1 
Hermit HU 536-031 #1 0.004 

Water sample HU 
536-031 was collected 
on 2/24/87 from a Cu 
borehole outside of the mg/1 
breccia pipe (pg. 204) 
0.01 
“It should be 
noted that the 
water quality Hg 
within the pipe mg/1 
varies 
significantly from <0.0002 
the water quality 
outside the pipe.” 
page 204 
Na 
mg/1 
67.4 
Cl 
ng/1 
26 
Approved by es a ‘SH, 
a aa . 
AG 4AN CED TESHNCCUE 


EXHIBIT #2 


Log No. 6568 


Date Received: 


Specific Conductance 


unho/cm 


4180 


2/27/87 


CN 
mg/1 


<0.001 


16000 W. 6TH AVE. SUITE 300 
GOLDEN, COLORADO 


PHONE 


80401 


(303) 277-1687 


1456 DEMING WAY, SUITE 15 
SPARKS, NEVADA 


PHONE 


Client PO No. 


Date Reported: 


Ca 
ng/1 


547 


89431 


(702) 368-1158 


3/31/87 


16000 W. 6TH AVE., SUITE 300 
GOLDEN, COLORADO 90401 
PHONE: (303) 277-1687 


BARRINGER LABORATORIES INC. 


1486 OEMING WAY, SUITE 15 


SPARKS, NEVADA 89431 
PHONE: (702) 368-1158 
Energy Fuels Nuclear, Inc. 
One Tabor Center, Suite 2500 
1200 Seventeenth Street 
Denver, CO 80202 
ATTN: Bill Almas 
LGN: 6568 
Sample pH TDS TSS SO), S 
Identification units mg/1 mg/1 mg/1 ng/1 
Hermit HU 536-031 #1 7.43 3350 84 2140 <1 
Phenols Turbidity as N. Dissolved Suspended 
ng/1 JTU mg/1 mg/1 mg/1 
As a general rule, the gross 
alpha in pCi/L should be <0.01 2 0.30 0.0215 0.0031 
roughly 2/3 of the U 21.5 ppb 
concentration in parts per 
billion/micrograms per liter J , 
230 pCi/L =340 ppb Gross Alpha Gross Beta Th 230 Ra 226 
pci/1 pci/1l pci/1 pCi/1 
+Precision* +Precision* +Precision* +Precision* 
230 + 30 92 + 13 0.4 + 1.2 53 2 2 
Pb 210 Po 210 Ra 228 
pCci/1 pci/1 pci/1 
+Precision* +Precision* +Precision* 
6.5 & Zal 0.2 = 0.6 0.8 + 0.9 


* Variability of the radioactive disinegration process 
(counting error) at the 95% confidence level, 20 


Approved by “2 % e Page 2 of 2 
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Energy Fuels Nuclear, Inc. 
One Tabor Center, Suite 2500 
1200 Seventeenth Street 
Denver, CO 80202 


ATTN: William J. Almas 


Client No. 
Sample Type: water 
Date Collected: 2/12/87 


Sample 
Identification me 


Hermitt HU 536-024 


EXHIBIT #1 


RINGER LABORATORIES INC. 


18000 W. 6TH AVE., SUITE 300 
GOLDEN, COLORADO 80401 
PHONE: (303) 277-1687 


1455 OEMING WAY, SUITE 18 


SPARKS, NEVADA 89431 
PHONE: (702) 358-1158 
Log No. 6539 Client PO No. 
Date Received: 2/16/87 Date Reported: 3/31/87 
As Ba Cd Ca Cr 
mg/1 mg/1 mg/1 mg/1 mg/1 
0.008 <0.1 0.002 544 0.02 
Cu Fe Pb Mg Mn 
mg/1 mg/1 mg/1 mg/1 ng/1 
0.02 PLAT | 0.008 219 0.72 
Hg Mo K Ag Se 
mg/1 mg/1 mg/1 mg/l mg/1 
<0.0002 0.2 46.2 0.01 0.002 
CO. HCO, 
Na Zn ‘as Caco, as Caco, B 
mg/1 mg/1 mg/1 mg/1 mg/1 
236 0.475 <1 222 0.63 
NO, 

64 CN F as N pH 
mg/1 mg/1 ng/1 mg/1 units 
127 <0.001 1.68 <0.01 7 «22 

186 


Approved by Se =. 4 


ADVANCED 
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DATE: 


TO: 


RE: 


al H-4515.124 
ARIZONA DEPARTMENT OF HEALTH SERVI 


Inter-Office Memorandum 


August 4, 1987 


Carol Russell, EHS II 
Water Permits 


Debra Daniel, Manager 
State Permits Hydrology Unit 


Michael Leach, Hydrologist /(\D)_ 
State Permits Hydrology Unit 


Hermit Mine 


The Notice of Disposal (NOD), Draft Environmental Assessment (DEA), and reports 
on the hydrologic and groundwater conditions for the proposed Hermit Mine have 
been reviewed and the following comments have been made: 


This is 1) 
incorrect, EF 
was aware there 
was perched 
water at 903’ bis 
at mine site 2) 


Depth to perched 
at 503919 - 
370’ bls 


Depth to perched 
at mineshaft & well 
517832 - 903’ bis 


Perched aquifer 
was in contact with 
Toroweap ore body 


R/M Well 518877 
was uncased 
between 1,796’- 
3,030’ bls 


ADHS/ADM/Stock-102 (Rev. 1-83) 


Due to the limited lateral extent of the perched aquifers in the area, 
the localized dewatering of the perched aquifer into the mine shaft 
would only effect the on-site stockpond well. This well is owned 

by Energy Fuels Nuclear and is the only perched aquifer well known 

to exist in the site vicinity. 


The perched water underlying the site which will most likely enter 
the mine shaft upon penetration of the perched aquifer layers does 
not appear to be a problem considering that the water entering the 
mine workings will be pumped to the surface into the evaporation pond. 
In the event of small quanities of perched water percolating beneath 
the mine shaft, the great depth to groundwater (1000') beneath the 
mine shaft and the thick layers of mudstone and limestones (with high 
adsorptive capacities for uranium) which separate the bottom of the 
shaft from the aquifer would indicate that there is very little chance 
for perched water contaminating the regional aquifer. However, due 
to the hazardous nature of the potential contaminants (radioactive 
uranium) an extensive monitoring program should be implemented. This 
monitoring program should be the same as required for the Canyon Mine 
(Groundwater Quality Protection Permit No. G—0004-03) except that 

the monitoring of springs will not be necessary due to their absence 
in the site vicinity. 

Well construction details for the proposed on-site monitor/production 
well should be submitted for review to ensure that the well is properly 
constructed and representative samples from the regional aquifer can 
be obtained. 


A contingency plan is needed. 
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RE: 


H-4515.124 
ARIZONA DEPARTMENT OF HEALTH SERVICES 


Inter-Office Memorandum 


August 4, 1987 


Carol Russell, EHS II 
Water Permits 


Debra Daniel, Manager I 


State Permits Hydrology Unit 


Michael Leach, Hydrologist Mp) 
State Permits Hydrology Unit 


Hermit Mine 


The Notice of Disposal (NOD), Draft Environmental Assessment (DEA), and reports 
on the hydrologic and groundwater conditions for the proposed Hermit Mine have 
been reviewed and the following comments have been made: 


Well 517832 1) 
was drilled to 
975’ bls in 
the perched 
aquifer 


Sump was 
1,130’ bls 2) 
and 
evaporation 
pond was 
divided into 
two ponds 


3) 


ADHS) ADM Stock-102 (Rev 183) 


Due to the limited lateral extent of the perched aquifers in the area, 
the localized dewatering of the perched aquifer into the mine shaft 
would only effect the on-site stockpond well. This well is owned 

by Energy Fuels Nuclear and is the only perched aquifer well known 

to exist in the site vicinity. 


The perched water underlying the site which will most likely enter 
the mine shaft upon penetration of the perched aquifer layers does 
not appear to be a problem considering that the water entering the 
mine workings will be pumped to the surface into the evaporation pond. 
In the event of small quanities of perched water percolating beneath 
the mine shaft, the great depth to groundwater (1000') beneath the 
mine shaft and the thick layers of mudstone and limestones (with high 
adsorptive capacities for uranium) which separate the bottom of the 
shaft from the aquifer would indicate that there is very little chance 
for perched water contaminating the regional aquifer. However, due 
to the hazardous nature of the potential contaminants (radioactive 
uranium) an extensive monitoring program should be implemented. This 
monitoring program should be the same as required for the Canyon Mine 
(Groundwater Quality Protection Permit No. G-0004-03) except that 

the monitoring of springs will not be necessary due to their absence 
in the site vicinity. 


Well construction details for the proposed on-site monitor/production 
well should be submitted for review to ensure that the well is properly 
constructed and representative samples from the regional aquifer can 
be obtained. 


A contingency plan is needed. 


HYDROLOGIC REVIEW 


Facility Name: Hermit Mine 
Date: July 24, 1987 
Hydro Permit #: H-4515.124 
Location: B(38-4)17 Ws SW% 
Type of Facility: Uranium Mine 


Type of Discharge: Water produced during mining operations. 

Recommendations: Requesting additional information dealing with the designs 
of the holding pond and diversion trenches, ore-pad liner, 
pond liner, construction details of the on-site monitor well, 
and cintinuency and closure plans. Monitoring being proposed 
for the site is similar to that of the Canyon Mine except that 
spring monitoring will not be required due to a lack of springs 
in the vicinity. 

Volume of Discharge: ? 


Method of Discharge: Percolation of mining operations water through uranium 
formation, septage effluent. 


Quality of Discharge: ? 

Constituents of Concern: Radioactive constituents, heavy metals, and nitrates. 
Monitoring: No groundwater or effluent sampling has been proposed. 
Depth to Water: about 2000' 


Direction of 
Groundwater Flow: 


ta) 


Location of Wells 
in Area: Well in perched water zone about 0.5 miles to the southwest 
and proposed on-site monitor well. 


Uses of Groundwater 
in Area: Water supply for facility only. 


Ambient Water 
Quality: Ambient water quality data will be obtained from the on-site 
well upon installation. 


Ambient Constituents 
that exceed a standard: No data as of yet. 


Discussion: Facility is a uranium mine which extends 1,100 feet into the 
subsurface along a breccia pipe. Major concerns include the 
deep percolation of cascading perched water down into the mine 
shaft, prevention of storm water run-on and run-off from the 
facility, lining of the ore pads, and lining of the evaporation 


pond. 


Reviewer: Michael Leach 
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DETACH AND FILE FOR FOLLOW-.-ILIP 


ARIZONA DEPARTMENT OF ENVIRONMENTAL QUALITY 


EVAN MECHAM, GOVERNOR 
Gerald Tele’ 


, Fh.D., Directar July 9, 1987 


Mr. William J. Almas 
Environmental Engineer 
Energy Fuels Nuclear, Inc. 
One Tabor Center, Suite 2500 
1200 Seventeenth Street 
Denver, Colorado 80202 


Dear Mr. Almas; 
RE: Hermit Mine, File No. 87-115 


A Notice of Disposal has been received and given a preliminary review for the 
above referenced facility. In accordance with A.A.C., Title 9, Chapter 20, 
Section 205 of the Water Pollution Control Permit System, this letter serves 
as notification: 


1. Of our intent to issue a Groundwater Quality Protection Permit 
You should, however, be reminded that operations may not commence 
until a groundwater permit is issued. 


X 2. The issuance of the permit is contingent on technical approval of 
plans and specifications by ADEQ, Technical Review Unit, or the appro- 
priate County Health Department. 


3. That the facility does not comply with the criteria listed in 
R9-20-208.A, and as such, a full permit application will be required. 
The regulations (R9-20-208.A) require you to first submit a proposal 
for a permit application. It is suggested you contact this office 
to arrange a pre-proposal meeting. I have enclosed a copy 
of the "Outline of Requirements for a Permit Application". 


X 4. That the NOD is incomplete, and further information will be required 
to complete the preliminary review. (see attachment ) 


X 5. The file has been submitted to the Hydrology Unit for their review. 
Therefore, additional stions may arise. I will keep you apprised 
of any further developments. 


Carol Russell 
Water Permits Unit 


CR:mm 


cc: Hydrology Section, 
Technical Review Unit 


The Department of Environmental Quality is An Equal Opportunity Affirmative Action Employer 


Central Palm Plaza Building 2005 North Central Avenue Phoenix, Arizona 85004 


7b 


FACILITY NAME Hee} Mine DATE Judy 148 co 


NOTICE OF DISPOSAL CHECKLIST 


GENERAL DESCRIPTION N/A COMPLETE INCOMPLETE | 


Facility Name X 


Facility address or describe location 


an 
Facility manager, address & telephone # 
Roe evr B. Sent 4 
Owners name, address and telephone # X 


Landowner of the facility site 
BLM. 7 
Facility's design consultant a 
Name of consultant 
Fim 
Address 
Telephone # 


Type of Pemnit x 


Topographic Map 
Geographic location of facility 
All disposal locations and springs x 
All groundwater supply wells,within 1/4 mile radius 
Identified use of each wellvon an attachment 

or er “Ss 
Latitude & Longitude of all disposal locations on map ¥ 


MIM 


ae. bare 

a 
Type of facility requesting pemmit x 

cao SEPEs 

aS oe 
Type of Facility(s) x 
Nature of Activity conducted at facility(s) y 
SIC codes for activities conducted at facility X 

ee 


Date facility began/will begin operations 
Note: Vo Aiseosal activities can ake, place tl Ss See: waste roak 
Facility(s) operational lifetime © fear 


List any other environmental permits issued 
- ee 
es a eee eae 


Describe disposal activities at facilit 

notal\l ais ose) svilves were Arserih 
Any control measures and treatment process designed 
and operated to protect groundwater quality from 
the effects of disposal. If none,so indicate. 


| 
i 


eegtic Sy Be 4 


FACILITY NAME Hee wit Mine DATE 1q 7% 


NOTICE OF DISPOSAL CHECKLIST 


GENERAL DESCRIPTION N/A COMPLETE INCOMPLETE 


Facility Name X 


Facility address or describe location 


a. 
Facility manager, address & telephone # 
Ro er B. Sener ¥ 
Owners name, address and telephone # X 


Landowner of the facility site 
BLM. 7 
Facility's design consultant x 
Name of consultant 
Fim 
Address 
Telephone # 


Type of Pemnit x 


Topographic Map x 
Geographic location of facility x 
All disposal locations and springs x 
All groundwater supply wells,within 1/4 mile radius 
Identified use of each wellvon an Pai 

orser 
Latitude & Longitude of all disposal locations on map xX 


ey. aes 
ened 

Type of facility requesting permit Xx 
a. 
a 
Type of Facility(s) — pon eee —— 

Nature of Activity conducted at facility(s) y 

SIC codes for activities conducted at facility x 
a 


Date facility began/will begin operations 
eles Me dis osal ivi ies cor «place tel her stem, waste roak 
Facility(s) operational lifetime °“*™” “° Ee ee 


List any other ironmental permits issued 
es a ‘ 
a a perience mac 


Describe disposal activities at facilit 

notal\ Ais osa) Avitres Were dArser ih 
Any control measures and treatment process designed 
and operated to protect groundwater quality from 
the effects of disposal. If none,so indicate. 


| 
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ARIZONA DEPARTMENT OF ENVIRONMENTAL QUALITY 


EVAN MECHAM, GOVERNOR , 
Tele , Po.D., Director July 9, 1987 


Mr. William J. Almas 
Environmental Engineer 
Energy Fuels Nuclear, Inc. 
One Tabor Center, Suite 2500 
1200 Seventeenth Street 
Denver, Colorado 80202 


Dear Mr. Almas: 
RE: Hermit Mine, File No. 87-115 


A Notice of Disposal has been received and given a preliminary review for the 
above referenced facility. In accordance with A.A.C., Title 9, Chapter 20, 
Section 205 of the Water Pollution Control Permit System, this letter serves 
as notification: 


1. Of our intent to issue a Groundwater Quality Protection Permit 
You should, however, be reminded that operations may not commence 
until a groundwater permit is issued. 


X 2. The issuance of the permit is contingent on technical approval of 
plans and specifications by ADEQ, Technical Review Unit, or the appro- 
priate County Health Department. 


3. That the facility does not comply with the criteria listed in 
R9-20-208.A, and as such, a full permit application will be required. 
The regulations (R9-20-208.A) require you to first submit a proposal 
for a permit application. It is suggested you contact this office 
to arrange a pre-proposal meeting. I have enclosed a copy 
of the "Outline of Requirements for a Permit Application". 


X 4. That the NOD is incomplete, and further information will be required 
to complete the preliminary review. (see attachment ) 


X 5. The file has been submitted to the Hydrol Unit for their review. 
Therefore, additional stions may arise. I will keep you apprised 
of any further developments. ; 


Carol Russell 
Water Permits Unit 


CR:mm 


cc: Hydrology Section 
Technical Review Unit 


The Department of Environmental Quality is An Equal Opportunity Affirmative Action Employer 


Central Palm Plaza Building 2005 North Central Avenue Phoenix, Arizona 85004 


FACILITY NAME teewit Mine 


NOTICE OF DISPOSAL CHECKLIST 


GENERAL DESCRIPTION N/A 
Facility Name 
Facility address or describe location 


Facility manager, address & telephone # 
Roaer B. Semi < 
Owners name, address and telephone # 


Landowner of the facility site 
BLM. 7 
Facility's design consultant x 
Name of consultant 
Fim 
Address 
Telephone # 


Type of Pemnit 

Type of facility requesting permit 

Topographic Map 

Geographic location of facility 

All disposal locations and springs 

All groundwater supply wells,within 1/4 mile radius 
Identified use of each wellvon an attachment 


orseri “Ss 
Latitude & Longitude of all disposal locations on map 


Type of Facility(s) — 
Nature of Activity conducted at facility(s) 


SIC codes for activities conducted at facility 


Date facility began/will begin operations 


tS 1SBu 


ser 


Nete: Me a: ‘s@ esal achivities can «place <a nn Ee 


Facility(s operational lifetime °“*™ 


List any other environmental seeniite issued 
— i. 


Describe disposal activities at nanos | 
notall ais ose) wives were diserib 

Any control measures and treatment process designed 

and operated to protect groundwater quality from 

the effects of disposal. If none,so indicate. 


se¢ti @ ay dean, 2 


waste oak: 


LINE # GENERAL DESCRIPTION N/A 
7¢ Existing groundwaters uses of receiving aquifer 


7a Depth of groundwater 


Je Analytical report of ground water quality from: 


8a Types of Wastes generated 


8b Analytical report of waste stream; values for: 


8c Disposal Schedule Hours/ per day (segtic sy eben) 


8d Estimated flow rate(s) of disposal 


il 
12 


wotice OL '* sposal Checklist Faye 2 


RO USES Vis 


Ht | § 
“fl ITE 


Source of data 


Date of measurement R/M supply well was not installed until 
6 months after this report 


«) 


~ 


Groundwater supply well(s) on the facility 
Groundwater supply well(s) within 1/4 mile~ orsPr™e> 
Analysis to include values for the following: 
Microbiological 
Inorganic chemicals 
Radiochemicals 
Secondary contaminants 
Priority pollutants 
Organic chemicals 
Others 
Include source and date of sampling 


anny | 


PY UTE TTTTEET & PTET] 


a segiic 


Microbiological 
‘Inorganic chemicals 
Radiochemicals 
Secondary contaminants 
Priority pollutants 
Organic chemicals 
Others 

Include source and date of sampling 


Days/ per year 
Seasonal distribution 


Describe any existing groundwater monitoring 
programs (attach reports if available) | 


Other data that in the judgement of the owner/operator, demonstrates 
that the facility qualifies for a groundwater quality protection permit. 


Certification & signature 


Site plans to include: 
Septic tank/wastewater treatment plant location __ 
and capacities 
leach lines/ seepage pits/ pond location 
depth and size of seepage pits 
Percolation data, soil profile data 
Project area size 
Flow rate _ 

5-day on-site storage, 10-year, 24 hour storm containment 


AIT i 


ARIZONA DEPARTMENT OF HEALTH SERVICES 


BRUCE BABBITT, Governor 


LLOYD F. NOVICK, M.D., M.P.H., Director « 
Me. Wi \\iom J. Alene 
asa rein 
Envirors WEEE 


ergy tite Neue o~ , 


Ore Taher Griir, Side 2500 
(2000 mina. ale" 8 Bait 9 


Denver, CO sReer %&() ( DU o- 

Re: Hermit Mine | A ce No 50. ns 
Wen MWe. Ces 
A Notice of Disposal has been received and given a preliminary review 
for the above referenced facility. In accordance with ACRR Title 9, 
Chapter 20, Section 205 of the Water Pollution Control Permit System, 
this letter serves as notification: 


1. Of our intent to issue a Groundwater Quality Protection Permit. 


¥ 2. The issuance of the permit is contingent on technical approval 
of plans and specifications by ADHS, Technical Review Unit, or 
the appropriate County Health Department. 


3. That the facility does not comply with the criteria listed in 
R9-20-208.A, and as such, a full permit application will be 
required. The regulations (R9-20-208.A) require you to first 
submit a proposal for a permit application. It is suggested you 
contact this office to arrange a pre-proposal meeting. Enclosed 

is a copy of the "Outline of Requirements for a Permit Application." 


X 4. ‘hat the NOD is incomplete, and further information will be 
required to complete the preliminary review. (See attachment) 


sincergty wee. wae Ww keep E tite 
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Enclosure 
cc: Hydrology Unit 
Technical Review Unit 
The Department of Health Services is An Equal Opportunity Affirmative Action Employer. 


Central Palm Plaza Building 2005 North Central Avenue . Phoenix, Arizona 85004 


energy fuels nuclear, inc. 


one tabor center * suite 2500 (303) 623-8317 
1200 seventeenth street * denver, colorado 80202 twx 910-931-2561 


June 10, 1987 


Ms. Carol Russell 

Water Permits Unit 

Arizona Department of Health Services 
State Health Building 

1740 West Adams Street 

Phoenix, Arizona 85007 


Re: Notice of Disposal Form - Hermit Mine 


Dear Ms. Russell: 


Please find enclosed the completed Notice of Disposal form 
and enclosures for the Hermit mine located in Mohave County, 
Arizona. Please note that the Hermit mine has been designated as 
a new facility for your permitting process. 


If you have any questions or require additional information, 
please feel free to contact me. 


Very truly yours, 


Environmental Engineer 


WJA: smm 
Enclosure 
cc: M. D. Vincelette, Energy Fuels 
B. L. Doores, Energy Fuels 
R. B. Smith, Energy Fuels 
H. R. Roberts, Energy Fuels 
R. D. Hembree, Energy Fuels 


NOTICE OF DISPOSAL FORM 


1) oa. FACILITY NAME: Hermit Mine 


b. FACILITY OWNER: Energy Fuels Nuclear, Inc. 


Sx NAME, TITLE, ADDRESS, AND TELEPHONE NUMBER OF CONTACT 
PERSON FOR FACILITY: 


NAME: William J. Almas 

TITLE: Environmental Coordinator 

MAILING ADDRESS: One Tabor Center, Suite 2500 
1200 Seventeenth Street 
Denver, Colorado 80202 


TELEPHONE NUMBER: (303) 623-8317 


d. ADDRESS AND TELEPHONE NUMBER OF FACILITY: 
MAILING ADDRESS: Energy Fuels Nuclear, Inc. 
P. O. Box 36 
Fredonia, Arizona 86022 
TELEPHONE NUMBER: (602) 643-7321 
e. FACILITY LOCATION INFORMATION: 
Twenty-one miles southwest of Fredonia, Arizona 
Mohave County, Arizona 
Township 38 West 
Range 4 West 
Section 17 W 1/2 SW 1/4 
f. DESCRIBE ACCESS TO FACILITY: 
From Fredonia, Arizona take Highway 389, 8.5 miles 
to Mt. Trumball Road; 14.2 miles south on Mbt. 
Trumball Road to site access road and southeast 1.5 
miles to project site. 
g. LANDOWNER OF FACILITY SITE: 
U. S. Bureau of Land Management 


h. TYPE OF PERMIT YOU ARE APPLYING FOR: 
AREA PERMIT. INDIVIDUAL FACILITY PERMIT _X 


ADHS/BWWQM-218 (1/84) 
Revised 7/84 


oP TYPE OF FACILITY REQUESTING PERMIT: 


=a 


EW X EXISTING 


2. Bs ATTACH A TOPOGRAPHIC MAP (PREFERABLY A 7.5 MINUTE 
QUADRANGLE BASE), SHOWING THE GEOGRAPHIC LOCATION OF THE 
FACILITY(S) AND ALL DISPOSAL LOCATIONS. IN ADDITION, 
SHOW THE LOCATION OF ANY EXISTING GROUND-WATER WITH- 
DRAWAL WELLS WITHIN THE APPROXIMATE VICINITY (1/4 MILE 
RADIUS) OF THE DISPOSAL AREA AND IDENTIFY THE USE OF 
EACH WELL (I.E. INDUSTRIAL WELLS, DRINKING WATER SUPPLY 
WELLS, ETC.). CIF APPLYING FOR AN AREA PERMIT AS 
DESCRIBED IN R9-20-211, INDICATE ON THE MAP THE LOCATION 
OF EACH FACILITY AND DISPOSAL LOCATION IN THE PROPOSED 
PERMITTED AREA) . 


for location of the facility. The only known 
ground-water well within 1/4 mile of the facility 
is located wit 


Hunt/Hermit 503919 well is ~1 
mile NNE from Hermit Mine and 
perched water at mine site was 
encountered during exploratory 
drilling. 


Hunt Well is 660’ deep and the 
depth to water is 370’ bls within 
the Kaibab Limestone 


Depth to the top of the perched 
aquifer at mine site is in the 
Toroweap at 903’ bis (Hermit 
Mine shaft closure, 1990) 


, Upon commencement of site preparation and shaft 
sinking operations, use of the well will be 
discontinued, the stock watering tank removed and 
the well capped and abandoned. 


b. LIST LATITUDE/LONGITUDE OF ALL DISPOSAL LOCATIONS 
INDICATED ON THE ATTACHED MAP: 


LATITUDE: 112° 45’ 04" N 
LONGITUDE: 36° 41’ 23" W 
So. @. TYPE OF FACILITY(s): Underground uranium mine 
b. NATURE OF ACTIVITY CONDUCTED AT FACILITY(s): 


Production of uranium ore from the underground 
mine. 


ADHS/BWWQM-218 (1/84) 
Revised 7/84 


€. DESCRIBE EXISTING GROUND WATER USE(s) OF THE RECEIVING 
AQUIFER Cs) : 


Based upon extensive drilling and interpretation of 
geologic log information, two locally saturated 
zones are thought to exist between the ground 
surface and the base of mine workings. The 
Redwall-Mauv Formation is approximately 1,000 feet 
below the lowest extent of mine workings and is the 
only known regional aquifer in the vicinity of the 
proposed mine workings. Refer to Section 3.3.2 of 
the Dames & Moore "Ground-Water Conditions" report 
for further details. 


A water supply well will be completed at the time 
@ surface site preparation commences. The water 
supply well to be drilled at the Hermit site_has 
been assigned the registration number of 55- -517832.> 
The well will be constructed in the following 
manner: the surface casing will consist of twenty- 
two feet of 11 3/4 inch steel casing grouted in 
place inai4 3/4 inch diameter hole. A 10 5/8 
inch bit will then be used to deepen the hole to a 
depth of 975 feet or 40 feet into the Hermit shale. 
This portion of the hole will be cased with 976 
feet of 8 5/8 inch steel casing. A 7 7/8 inch bit 
will then be used to deepen the hole to an 
estimated total depth of 2,800 feet, or 
approximately 100 feet into the Redwall limestone 


\ aquifer. The water production anticipated from 
this aquifer is expected to range from 5 to 15 
gallons per minute. The formations and their 


respective thicknesses, which will be penetrated by 
the well are, in descending order: Moenkopi-260 


feet, Kaibab Limestone Formation-342 feet, Toroweap~ “ 


Formation-311 feet, Coconino Sandstone-29 feet, 
Hermit Shale-650 feet, Supai \ Group-1,100 feet and 
Redwall Limestone-100 feet. A Gon) 
di. LIST APPLICABLE U. S. DEPARTMENT OF COMMERCE STANDARD 
INDUSTRIAL CLASSIFICATION (SIO) CODES FOR ABOVE 
ACTIVITIES: 


Division B 1094 
4. DATE FACILITY BEGAN/WILL BEGIN OPERATING: June, 1987 
Site work is proposed to commence in June of 1987. 
Shaft sinking will commence in October, 1987. Ground 


water is anticipated to be encountered March 1, 1988. 


5. EXPECTED FACILITY(s) OPERATIONAL LIFETIME: Through 1997 


ADHS/BWWQM-218 (1/84) 
Revised 7/84 


6. LIST ANY OTHER ENVIRONMENTAL PERMITS ISSUED TO THE 
FACILITY(s) (I.E. AIR QUALITY PERMIT, NPDES PERMIT, HAZARDOUS 
WASTE PERMIT) 


Request for Approval to Construct an Underground Uranium 
Mine will be made to the U. S. Environmental Protection 
Agency (EPA) pursuant to 40 CFR Part 61. 


i. 86, DESCRIBE DISPOSAL ACTIVITIES AT THE FACILITY(s): 


Mine water and surface runoff from the operations 
area will be collected in lined surface 
impoundments. Refer to the attached "Plan of 
Operations", February, 1987 for a more detailed 
description of activities through the life of mine. 


b. DESCRIBE ANY CONTROL MEASURES AND TREATMENT PROCESSES 
DESIGNED AND OPERATED TO PROTECT GROUND-WATER QUALITY 
FROM EFFECTS OF THE DISPOSAL: 


The surface impoundments will be lined with 36 mil 
hypolon. The impoundments will be designed to hold 
the volume of runoff from the operations resulting 
from at least the 100-year/24-hour event, water 
pumped from the mine and a five-year storage volume 
for sediment. Refer to the attached Dames & Moore 
"Hydrologic Evaluations for the Proposed Hermit 
Uranium Mine", February 1987. 


A water supply well will be completed at the time 
surface site preparation commences. This well will 
be completed in the Redwall-Mauv limestone. The 
Redwall-Mauv is approximately 1,000 feet below the 
lowest extent of mine workings and is the only 
known regional aquifer in the vicinity of the 
proposed mine workings. 


oa OF DEPTH TO GROUND WATER: 


OF MEASUREMENT: 


ADHS/BWWQM-218 (1/84) 
Revised 7/84 


pages 


Static water level within the borehole, however, 
was approximately 360 feet below the surface at the 
time of borehole completion. The piston pump used 
for stock watering is installed at a depth of 480 
feet below the surface. 


A second saturated zone outside the breccia pipe 
apparently exists at the contact between the 
Coconino Sandstone and Hermit Shale. Static water 
levels within selected exploration boreholes in the 
Hermit were between 767 and 607 feet during 
investigations carried out in February of 1987 by 
Energy Fuels Nuclear. 


d. ENTER IN APPENDIX A - PART I THE AMBIENT GROUND-WATER 
CONCENTRATIONS OF THE RECEIVING AQUIFER(s) FOR THOSE 
CONSTITUENTS LISTED THAT ARE CONTAINED IN THE DISPOSAL. 
INDICATE SOURCE OF DATA AND DATE OF SAMPLING FOR ALL 
VALUES LISTED. 


The K/C aquifer is at the 
mine site. See Hermit 
Mine Shaft Closure Plan, 
1990 and was just 
mentioned on previous 


At what depth? 


Refer to Section 
3.4, Ground-Water Quality of the attached Dames & 
Moore "Ground-Water Conditions" report for a 
comparison of water quality in wells associated 
with other Energy Fuels operations on the Arizona 
Strip. The Hunt #5 well referenced in Table 2 of 
this report is the stock well discussed in Section 
7 above. 


Also attached as Exhibits #1 and #2 are water 
quality analysis from boreholes HU 536-034 and HU 
536-031 located within the vicinity of the proposed 
Hermit mine. 


respectively, were sampled and preserved 
according to appropriate EPA guidance. 


8. a. IDENTIFY THE TYPE(Cs) OF WASTE(s) GENERATED BY EACH 


PROCESS WITHIN THE FACILITY. BE AS DESCRIPTIVE AS 
POSSIBLE WITHOUT LISTING SPECIFIC CONSTITUENTS: 


No discharge to surface or ground water will occur. 
Water will be intermittently pumped from under- 
ground workings to one or more lined surface 
impoundments, where it will be allowed to evaporate 
or be reused in connection with mining activities. 
The water will consist of unaltered ground water 
and surface runoff. No chemical processing of ore 
will occur on-site. 


b. CHECK OF LIST IN APPENDIX A - PART II OF THE SPECIFIC 
POLLUTANTS DISPOSED BY THE FACILITY. INCLUDE THOSE 
DISPOSED MATERIALS THAT ARE LISTED IN TABLES I AND II OF 
THIS DOCUMENT IN TITLE 40 CODE OF FEDERAL REGULATIONS 
PART 261, OR ANY OTHER CONSTITUENT CONTAINED IN THE 
DISPOSED WASTE STREAM. 


N/A - Unaltered ground water containing some 
suspended material. 


Gs ENTER IN APPENDIX A - PART II THE MAXIMUM DISPOSAL 
CONCENTRATION OF THOSE CONSTITUENTS YOU CHECKED OR 
LISTED, AS REQUIRED BY 8b. INDICATE THE DATE OF 
SAMPLING IN PARENTHESIS NEXT TO THE SAMPLE VALUE AND THE 
SOURCE OF THE DATA AT THE BOTTOM OF PAGE THREE IN 
APPENDIX A. 


N/A - Unaltered ground water containing some 
suspended material. 


d. ESTIMATE THE DISPOSAL SCHEDULE INCLUDING THE ANNUAL 
AVERAGE IN HOURS PER DAY, DAYS PER YEAR, AND THE 
DISPOSAL PERIODS IF THE DISPOSAL IS SEASONAL. 


HOURS/DAY: No discharge 
DAYS/YEAR: N/A 
SEASONAL DISTRIBUTION OF DISPOSAL: N/A 


e. ESTIMATE THE FLOW RATE(s) OF THE DISPOSAL (I.E. MINIMUM, 
AVERAGE, AND MAXIMUM DAILY FLOW; MEAN ANNUAL FLOW; OR 
MEAN, MINIMUM, AND MAXIMUM FLOW BY SEASON IF DISPOSAL IS 
PERIODIC; OR BY WHATEVER OTHER UNITS APPROPRIATE TO THE 
TYPE OF DISPOSAL: 


N/A 


9. DESCRIBE ANY EXISTING GROUND-WATER QUALITY MONITORING 
PROGRAM(s) CATTACHED SUPPORTING TECHNICAL REPORTS IF AVAIL- 
ABLE) : 


There is no ongoing monitoring program. Ambient water 
quality analysis for two boreholes are attached. Water 
quality for the existing stock well located on-site is 
presented in the Dames & Moore "Ground Water Conditions" 
report as Hunt #5, along with a discussion of ground- 
water quality. 


10. INCLUDE ANY OTHER DATA OR INFORMATION WHICH, IN THE JUDGMENT 
OF THE OWNER/OPERATOR, DEMONSTRATES THAT THE FACILITY QUALI- 
FIES FOR A GROUND-WATER QUALITY PROTECTION PERMIT BASED ON 
COMPLIANCE WITH THE CRITERIA LISTED IN 49-20-208.A. USE 
ATTACHMENTS IF APPLICABLE (I.E. DEPTH TO GROUND WATER, 
GEOLOGY AT THE SITE). 


ADHS/BWWQM-218 (1/84) 
Revised 7/84 


11. CERTIFICATION: 


"I CERTIFY THAT UNDER PENALTY OF LAW THAT I HAVE PERSON- 
ALLY EXAMINED AND AM FAMILIAR WITH THE INFORMATION 
SUBMITTED IN THIS DOCUMENT AND ALL ATTACHMENTS AND THAT, 
BASED ON MY INQUIRY OF THOSE INDIVIDUALS IMMEDIATELY 
RESPONSIBLE FOR OBTAINING THE INFORMATION, I BELIEVE 
THAT THE INFORMATION IS TRUE, ACCURATE, AND COMPLETE. I 
AM AWARE THAT THERE ARE SIGNIFICANT PENALTIES FOR 
SUBMITTING FALSE INFORMATION, INCLUDING THE POSSIBILITY 
OF FINE AND IMPRISONMENT." 


MURIL D. VINCELETTE 
Printed Name of Applicant 


VICE PRESIDENT, OPERATIONS 
Title 


JUNE 10, 1987 
Date Application Signed 


Signature of Applicant 


ANCELETTE , 


BY 


ADHS/BWWQM-218 (1/84) 
Revised 7/84 


PLAN OF OPERATIONS 
HERMIT PROJECT 


FEBRUARY, 1987 
FVEOLYVP 


Energy Fuels Nuclear, Inc. 
Executive Offices 
One Tabor Center 
Suite 2500 
1200 Seventeenth Street 
Denver, Colorado 80202 


TABLE OF CONTENTS 
PLAN OF OPERATIONS 
HERMIT PROJECT 


Page 
I TNTROQUCILGN cin cece wee deve eae teed eens aN eee Oe ew 1 
II GENERAL DESCRIPTION OF PROJECT AREA ................ 6 
TEL PLANNED OPERATIONS csc eng senae es Ke kee RK Ra OR HE Ee OR 9 
IV AREAS TO BE DISTURBED «6 ssc iss esacs sce wesecinaerias 12 
Vv MEASURES TO LIMIT DISTURBANCE ...................0.. 16 
VI. MEASURES TO BE TAKEN DURING A PERIOD 
OF NON-OPERATION sc cca secu ewsecsaeceedasvenveeevevas 18 
VII. MEASURES TO RECLAIM AT THE END OF 
tee UPROAR LUNE vt eles See eee Ow Oe RNS eK Rs ee 19 
WEL. SCOMCLUBION cc ccis wavs ck eae sisu we bswwkoensoen pres bans s 21 
ILLUSTRATIONS 
FIGURES 
Figure 1 HERMIT SITE: Regional View...................... & 
Figure 2 HERMIT SITE: Local View. ... 1... csecncastsusetons 5 
Pocket 
Number 
PLATES 
Piste 2 GeOnOEEL LOGCKELONs css ics cncs even n din ROK EAwO DS HE 1 
Plate 2 Site Facilities Lay a -- Site Preparation 
and Shaft Sinking Phase.................... cc euee 1 
Plate 3 Site Facilities Layout -- Development and 
Min PROPER oc ac ener ea RELAS ERK dowd eee Rew ee ee 2 


Plate 4 Post Mining Topography....................008. rie a 2 


I. INTRODUCTION 


The Hermit Project, for which this Plan of Operations was 
prepared, will be conducted on unpatented, lode mining claims 


owned by Energy Fuels, Ltd. The claims are located in Section 
17, Township 39 North, Range 4 West, Gila and Salt River 
Meridian, Mohave County, Arizona. The site is approximately 


twenty-two (22) miles south-southwest of Fredonia, Arizona. 


Energy Fuels Nuclear, Inc. ("EFN") submits this Plan of 
Operations for approval pursuant to the requirements of 43 C.F.R. 
§3809, et seq. 


The name and address of the operator is: Energy Fuels 
Nuclear, Inc., One Tabor Center, Suite 2500, 1200 Seventeenth 
Street, Denver, Colorado 80202, telephone number (303)623-8317. 
The person who will be in charge of the Operations is: Roger B. 
Smith, Manager of Operations, Energy Fuels Nuclear, Inc., P. 0. 
Box 36, Fredonia, Arizona 86022, telephone number (602)643-7321. 
The record owner is: Energy Fuels, Ltd., One Tabor Center, Suite 
2500, 1200 Seventeenth Street, Denver, Colorado 80202, telephone 
number (303)623-8317. 


The objective of this Project is to recover, by underground 
mining methods, a uranium ore deposit occurring within the 
Project Area. The discovery of the uranium ore body was made 
during an exploratory drilling program undertaken by EFN pursuant 
to a previously approved Plan of Operations. Based upon surface 
drilling conducted during the summer and fall of 1986 and sub- 
sequent evaluation and analysis, a commercial uranium ore body 
was determined to exist within the Project Area. 


The development and mining of the Hermit Deposit will be 
conducted in two phases. The first phase will involve initial 
site preparation and shaft sinking activities, followed by an 
underground evaluation, development and production phase during 
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which ore recovery will occur. The initial underground evalua- 
tion will be conducted by sinking a shaft approximately 1,100 
feet below the surface adjacent to the deposit and then extending 
horizontally into the ore body. Once access to the ore body has 
been established in phase one, extensive underground drilling and 
sampling will be done to fully define the extent and grade of the 
deposit. 


During the site preparation and shaft sinking phase, surface 
facilities will be limited to those necessary to facilitate shaft 
sinking activities. Because of the proximity of the Project Area 
to an existing power line, this phase of activities will be 
supported by permanent electric power. During initial site 
preparation and shaft sinking activities, no uranium ore will be 
encountered. In addition, until completion of the underground 
evaluation and development activities, it is anticipated that ore 
production will not exceed a few thousand tons -- an amount suf- 
ficient for a complete sampling of the full ore body. Moreover, 
it is not anticipated that any uranium ore will be encountered 
until sometime during the second year of activities at the 
Project Area. Prior to this time, site preparation activities on 
the surface and shaft sinking activities will not involve the 
movement or storage of uranium ore on the surface. During the 
first phase, EFN proposes to relocate approximately 1.2 miles of 
road as shown on Plate 2. 


Once significant ore production activities begin in the 
second phase of activities, approximately three (3) years after 
site preparation activities begin, the surface facilities will be 
expanded as necessary to accommodate the needs of the expanded 
work force necessary to complete underground development of the 
ore body and the full mining and extraction of the mineral 
reserve. During this development and mining phase further 
upgrading of the relocated access road is planned so that ore 
haulage can be safely undertaken. | 


EFN is active in the natural resource industry, with major 
holdings in uranium. The Company built and is part owner of a 
2,000 ton per day uranium processing facility located near 
Blanding, Utah. As a uranium producer, EFN is currently engaged 
in various phases of site preparation, shaft sinking, underground 
development, mining, or reclamation activities at six (6) mines 
in northern Arizona north of the Grand Canyon (See: Plate 1). It 
has recently closed or is in the final stages of mining at the 
three (3) Hack Canyon Mines (approximately eight miles south of 
the Hermit Project) where mining has been successfully and 
profitably done since 1981. Mining at all of the three (3) Hack 
Canyon Mines will have been completed by the end of the first 
quarter of 1987, at which time site reclamation will begin. 


At the Pigeon Mine (approximately 12.5 miles northeast of the 
Hermit Project) site preparation and shaft sinking began in 1982, 
with underground drilling, evaluation and development activities 
continuing until mid-1984 when full mining began. Mining activi- 
ties at the Pigeon Mine are expected to continue until 1990 (the 
time when commercial ore production at the Hermit Project is 
expected to commence) when site reclamation will commence. 


At the Kanab North Mine (approximately 6 miles east of the 
Hermit Project) site preparation and shaft sinking activities did 
not begin until 1985. At the present time, EFN has completed its 
shaft sinking activities at the Kanab North Mine and is proceed- 
ing with its underground drilling, evaluation and development 
work. Significant ore production from the Kanab North Mine is 
not anticipated until 1988 or 1989. 


Finally, at the Pinenut Mine (approximately 13.25 miles south 
of the Hermit Project) site preparation and shaft sinking activi- 


ties began in mid-1986. At present, site preparation for the 
first phase of activities has been completed and shaft sinking 
activities have just begun. Significant ore production from the 


Pinenut Mine is not expected until 1989 or 1990. 
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FIGURE 1. HERMIT PROJECT - REGIONAL VIEW. The project is 
located at the red dot. The Mount Trumball Road is in the upper 
left corner. Note east flowing drainage going into Gramma Canyon 
in the lower right photo corner. All north trending drainage 
flows into Bulrush Canyon. Scale: 1" = 1/3 mile. (Photo taken 
August 30, 1968). 


Eo 


FIGURE 2. HERMIT PROJECT - LOCAL VIEW. Project area is at photo 
center. The white ring around the project is a limestone in the 
lower Moenkopi formation. The trail crossing photo bottom is 
near the watershed divide. Scale: i" = about 1,000 feet. (Photo 
taken March 24, 1984). 


It is apparent from the above description of the status of 
activities at the other locations where EFN is operating that by 
the time the Hermit Project is sufficiently developed to enable 
EFN to produce significant quantities of ore from the Project, 
ore production from the three (3) Hack Canyon Mines and the 
Pigeon Deposit will have been completed. 


Access to the Project Area from Fredonia, Arizona is gained 
by traveling southwest on State Highway 389 eight (8) miles to 
the Mount Trumbull Road. After traveling eleven (11) miles south 
on Mount Trumbull Road, a southeast side road is taken 1.2 miles 
to the Project Area (See Plate 1). 


The mining claims making up the Project Area consist of six 
(6) unpatented lode mining claims, identified by the following 
Bureau of Land Management ("BLM") serial numbers and claim names: 


Claim Name BLM Number 
Hunt 533-537 A MC 150856 - 150861 


Upon approval of this Plan of Operations by the BLM, EFN 
intends to proceed as quickly as practicable to implement the 
first phase of activities at the Project Area. In this regard, 
because the required surface facilities during the first phase of 
activities are minimal, the construction and site preparation 
activities (specifically the initial surface facilities required 
for shaft sinking) are expected to be in place within six months 
after the Plan of Operations is approved. 


II. GENERAL DESCRIPTION OF PROJECT AREA 


Topographically, the Project Area is on the Kanab Plateau 
within the Grand Canyon section of the Colorado Plateau physio- 
graphic province. The Project Area is located on flat ground in 
a topographically indistinct area. Specifically, as can be seen 
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from Figures 1 and 2, relief in and around the Project Area is 
minor, with elevation extremes of approximately eighty (80) feet 
within a one mile radius. 


The general vegetative cover of the Project Area is grasses 
and sagebrush. Bare rock and soil are exposed over 50% of the 
area and there is no vegetation over three feet in height. There 
are no known threatened or endangered plant species in the area. 


Because of the dominance of big sagebrush throughout the 
Project Area, it may be characterized as being of poor quality 
for livestock grazing or wildlife browsing. Although sagebrush 
will be eaten by both cattle and wildlife as a last resort, the 
vegetation which dominates the Project Area would not be expected 
to support a large number of wildlife species. In order to 
verify this expectation, EFN caused a systematic wildlife survey 
of the Project Area to be conducted. During this survey, no big 
game were observed, and very minimal signs of wildlife existed. 
Based upon the wildlife survey of the Project Area, the consul- 
tant confirmed that wildlife utilization of the area is minimal 
due to the types of vegetation in the area and a natural lack of 
surface water resources. No unique, threatened or endangered 
wildlife species are known to utilize the Project Area. 


An archaeological survey of the Project Area and surrounding 
forty (40) acre area is on file with the BLM. This survey 
confirmed that no sites of cultural significance exist within the 
Project Area. 


The general project region is classified as a semi-arid 
continental climate. It is typified by cool winters, warm 
summers and light precipitation. Winter temperatures drop below 
freezing at night, while summer temperatures rise above 90 
degrees Fahrenheit. Annual precipitation in the area averages 
less than fifteen inches and the summer and winter months are 
typically the wettest. Winter precipitation is primarily in the 
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form of snow. Summer precipitation is usually the result of 
thunderstorm activities, which at times can be heavy. 


Long term.wind data is limited in the vicinity of the Project 
Area. However, to better define the wind patterns of the Arizona 
Strip, in 1983 Energy Fuels retained the services of Fox Consul- 
tants, Inc., an independent consultant, to measure wind patterns 
of the area. As a result, a one year data set was collected from 
a meteorological station located near Sunshine Point at an eleva- 
tion of 5330 feet MSL and a distance of approximately eight miles 
south of the Project Area. Wind data at this station were 
collected from March, 1983 to March, 1984 and, because of the 
similarities in topography and elevation and the close proximity 
of the meteorological station to the Project Area, the resultant 
meteorological data are very representative of the Project Area. 
These data show that the prevailing wind direction at the Project 
Area is from the south-southwest, with south-southeast through 
southwest winds clearly dominating the wind patterns of the area. 
(Nearly 40% of all winds blew from the south-southeast through 
southwest sectors). On the other hand, easterly component winds 
are the least frequently occurring at the Project Area, with 
east-southeast occurring less than 1.0% of the time. 


Wind speeds averaged 3.4 m/sec (7.6 mph) throughout the one 
year monitoring period, with higher average wind speeds more 
often associated with southerly component winds. However, high 
wind speeds were not common, as wind speeds in excess of 11 m/sec 
(24.6 mph) occurred only 0.32% of the time. 


The entire Project Area is covered by the flat-lying, lower 
Triassic Moenkopi formation. This unit is a dark red-chocolate 
brown with intervals of shale, siltstone and fine-grained sand- 
stone. Less than one hundred feet below the surface is the 
Kaibab formation, a marine deposited limestone that. contains 
minor zones of shale and sandstone. The Kaibab and the Toroweap 
(a similar formation) extend to a depth of about nine hundred 
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feet. The resistance of these two limestone formations to 
erosion accounts for the extensive regional plateau. 


Under the Toroweap formation in descending order are the 
Coconino formation, a nearly thirty foot thick, massive, tan 
sandstone, and the Hermit Shale formation. The Hermit formation 
is mainly a fine-grained sand or silt stone with local shale 
zones. Both the red color and the few fossils found in this unit 
indicate that it was once a semi-arid coastal plain. Both the 
Coconino and upper Hermit formations host the known uranium 
mineralization. Below the Hermit formation is the Supai forma- 
tion. 


Uranium mineralization in the Project Area occurs ina 
breccia pipe structure that cuts vertically through the flat- 
lying sedimentary rocks. Cavities formed millions of years ago 
by water dissolving the deeper Redwall Limestone created space 


into which the overlying rock collapsed. The collapsed zone 
worked its way up many hundreds of feet in the form of a cylinder 
or marrow cone. Geochemical changes to the brecciated zone 


recemented the broken rock and deposited uranium and other 
minerals. The brecciated zone is now slightly more dense and 
less porous than the surrounding rock. 


III. PLANNED OPERATIONS 


During the next several years, EFN plans to develop and mine 
the uranium deposit located in the Project Area by underground 
mining methods in two distinct phases of operations. 


Based upon its experience with similar deposits, EFN expects 
its site preparation, shaft sinking, underground drilling and 
development, and mining and reclamation activities to be com- 
pleted in approximately ten (10) years. Access to the deposit 
will be by a conventional, two and one-half compartment, vertical 
shaft located immediately northwest of the deposit. The shaft 
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will be excavated to a depth of approximately 1,100 feet below 
the surface. As the vertical shaft is sunk, horizontal workings 
will be driven at various levels toward the deposit. Thereafter, 
two to four underground drilling chambers will be excavated in or 
near the deposit. From these chambers, underground drilling will 
be undertaken to further define the full extent of the deposit. 
Portions of the workings within the deposit and the underground 
drilling will provide EFN with adequate information to determine 
the most efficient mining sequence for jsrecovery of the mineral 
reserve. The proposed shaft location, surface facilities, shaft 
and waste rock disposal area are identified on Plate 2. 


During site preparation, shaft sinking and underground 
drilling and evaluation, employment will range from 12 to 22 
personnel. Shaft sinking generally is conducted on a three- 
shift, seven day per week schedule. A two-shift, five day per 
week schedule is probable during underground drilling and 
development activities. During this phase, a majority of the 
employees will be skilled shaft miners, transferred from nearby 
mines presently operated by EFN or contractors hired locally. 
Little or no influx of new personnel to the area is expected. 


Once the initial underground drilling program has satisfac- 
torily confirmed the extent and dimensions of the ore deposit, 
horizontal workings will then be driven from the lowest portion 
of the shaft, beneath the deposit to a point just outside the 
farthest extent of the ore reserve. From this point, an eight 
foot diameter, vertical ventilation shaft will be upreamed to 
the surface utilizing a pilot hole to intersect the lowest 
workings. This second (ventilation) shaft will exhaust air, 
thereby creating adequate airflow throughout the mine workings, 
and, in addition, providing a second exit or escapeway from the 
mine in the event of an emergency. 


Raise or incline workings within the mine will connect the 
various levels within or very near the deposit. At various 
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elevations from these levels, sublevel workings will be driven to 
extract ore from the deposit. The broken ore will be dropped 
down raises, designed for such use, to drawpoints on the lowest 
level. The ore will then be hauled to the shaft, at which point 
it will be transferred to skips in the shaft and hoisted to the 
surface. Barren waste rock generated during shaft sinking, 
development and mining will be removed and disposed of on the 
surface in the waste disposal areas, to the extent that such 
material cannot be utilized for road maintenance or construction 
of the mine yard. Ore will be stockpiled on the surface near the 
shaft until shipment to the Blanding mill takes place. 


After development work is completed (approximately three 
years after start-up), the mine will be operated at an average 
production rate of 300 tons per day for approximately five years. 
It is hoped that planned underground drilling will increase the 
tonnage to be mined and, consequently, extend the operation’s 
life by a few years. However, experience to date at other 
operations suggests that a production phase significantly longer 
than five (5) years is unlikely. 


Employment during the first few years of underground develop- 
ment will range from 15 to 30 personnel. As production capacity 
grows, employment could reach approximately 40 personnel at the 
300 ton-per-day rate, working two shifts per day. 


Most employees are expected to be drawn from existing resi- 
dents of the area. Moreover, it is hoped that the work force 
will consist of employees currently working at the Hack Canyon 
and Pigeon Mines. Since these mines will have ceased operations 
by the time the production phase of the Hermit Project begins, 
EFN would plan appropriate transfers, if timing permits. EFN 
will provide and operate buses to transport employees to and from 
the Project Area. Driving of individual vehicles is discouraged. 
Management and technical staff support will be based at the 
Fredonia Mine Operations office. 
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IV. AREAS TO BE DISTURBED 


There are two specific areas that will be temporarily used or 
disturbed during the Project life: (1) The Area of Operations 
with surface plant and rock disposal area (23.6 acres); and 
(2) 1.2 miles of access road (5.0 acres). The Area of Operations 
where all activities will take place, together with planned 
surface facilities, are shown on Plates 2 8% 3. In designing the 
Plan of Operations, EFN has minimized the size of the Area of 
Operations as much as practicable to ensure adequate working area 
while minimizing disturbance. The locations of the shafts, 
office, hoist house, main building, waste rock storage area and 
ore stockpiles will all be generally located during each phase as 
shown on Plates 2 & 3. Of course, further engineering and unex- 
pected problems encountered during construction could cause the 
actual layout to differ in minor detail from that shown on Plates 
2 & 3. In any event, the surface impacts from the proposed 
operations will be unaffected by any necessary minor relocations 
within the Area of Operations. 


Even with a complete lack of trees or shrubs in the area, the 
project is not visible from Mount Trumbull Road. The site is in 
a topographic low and several minor ridges separate it from the 
main road. 


During the first two to three years of the Project or during 
the underground evaluation phase, only the eastern half or 15 
acre portion of the Area of Operations will be utilized. This 
initial yard is within the larger 23.6 acre Area of Operations to 
be occupied during the production phase. During the underground 
evaluation phase, only the shaft and sinking hoist area will be 
graded to a final yard elevation. 


A water source of a few gallons per minute is needed for 
underground drilling and sanitation during the first phase of 
activities. Consequently, a water well will be drilled on the 
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southwest edge of the Area of Operations to a depth of 2,000 to 
2,500 feet. Tankage to hold water will be located near the site 
of the water well. In the area shown on Plate 2 at least two 
house trailers will be located during phase one which will serve 
as temporary lodging for the mine staff and a security guard as 
may be needed during phase one. No full-time resident other than 
a security guard is proposed. 


Prior to construction of the mine yard, available topsoil 
from the initial areas to be disturbed will be removed and stored 
at the eastern edge of the Area of Operations (See: Plate 2). 


In addition, during phase two a second topsoil storage area 
will be created at the western edge of the Area of Operations 
(See: Plate 3). These locations will assure that topsoil will 
not be disturbed during mining activities. In addition, after 
construction of the water diversion facilities discussed below, 
the topsoil stockpiles will be protected from erosion due to 
surface run-off. The size and dimensions of the topsoil stock- 
piles will increase at the beginning of the production phase when 
additional topsoil is removed and stored prior to construction of 
the final mine yard. 


During phase one, EFN proposes to relocate approximately 1.2 
miles of access road as shown on Plate 2 so that access to the 
Project Area of equipment and personnel can be achieved with 
safety and minimal environmental impact. In order to avoid the 
addition of 1.2 miles of new roads to the BLM system, EFN pro- 
poses to reclaim fully the existing access road to the Project 
Area to BLM standards during phase one of activities, provided 
that such reclamation is acceptable to the BLM. In addition, 
upon completion of mining activities at the Project Area, the 
relocated access road would also be fully reclaimed unless the 
BLM requests that such access road be left in tact as part of the 
BLM systen. 
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During the first phase of activities, a temporary hoist to 
excavate the shaft will be located on a 10 foot X 15 foot con- 
crete slab located approximately 125 feet west of the shaft. A 
wooden framed building will surround the temporary sinking hoist. 
The necessary generators, air compressors, semi-trailers for 
shop, warehousing, office and showers will be located to the 
southeast of the temporary hoist building. Immediately south of 
the shaft, a septic field will be located to handle sewage from 
the showers and trailers located with the Area of Operations. 


During initial development activities at the beginning of 
phase two only minimal ore is expected to be generated incidental 
to the underground evaluation and development activities. Spe- 
cifically, EFN estimates that no more than a few thousand tons 
of ore will be generated during the underground evaluation and 
development phase of activities. This material will be stored at 
the location shown on Plate 3 until shipped to the Blanding mill 
for bulk sampling and amenability testing. 


In order to ensure that no surface run-off from outside of 
the Area of Operations is allowed to enter, EFN will construct 
water diversion facilities on both the east, south and west 
perimeters of the Area of Operations as shown on Plates 2 & 3. 
Prior to the design of these surface water diversion facilities, 
it was necessary for EFN to analyze the watersheds involved and 
the potential of the area to experience severe storm events. 
Consequently, EFN retained the services of Dames 2 Moore, consul- 
ting hydrologists, to evaluate the surface run-off issues and to 
advise EFN regarding proper design, location and capacities for 
the diversion facilities. The surface water diversion facilities 
which EFN will construct will conform with the recommendations of 
Dames & Moore and will ensure that these facilities are capable 
of diverting around the areas of disturbance the surface run-off 
resulting from at least a 100 year storm event. Importantly, 
this significant margin of safety will be achieved while making 
maximum use of the existing natural channels existing in the 
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Project Area. The planned diversion facilities will be 
constructed during the first phase of activities and will be 
maintained throughout the life of the Project. 


All rainfall which falls within the Area of Operations will 
be directed to and held in the surface water holding/evaporation 
pond shown in Plates 2 & 3. This pond will be lined with an 
artificial impervious material to insure that leakage does not 
occur. It will be constructed during phase one and will be sized 
to hold all water which may be encountered during mining activi- 
ties as well as the surface drainage within the disturbed areas 
resulting from a 100-year 24-hour event. 


After the deposit has been fully evaluated, as part of the 
next phase of activities the nature and extent of the surface 
facilities will be expanded as shown on Plate 3. Moreover, 
during this phase of activities the area of disturbance will be 
expanded to enable the efficient extraction of the ore reserve -- 
including construction of ore stockpile areas and an additional 
topsoil stockpile. Finally, as these activities proceed, some 
additional access road upgrading activities will be necessary to 
accommodate the ore haulage needs of the mine -- estimated to 
average 12 truck loads per day once full ore production is 
achieved. 


Of course, prior to beginning the surface expansion activi- 
ties, available topsoil within the additional disturbed areas 
will be collected and stored for use in final reclamation in the 
identified topsoil stockpile area. 


Barren waste rock from excavation of the underground workings 
will either be used to build the relocated access roads, mine 
yard and stockpile areas to the required grade, or any excess 
will be disposed of in the area shown on Plate 3. This waste 
disposal area has the capacity to hold the expected barren waste 
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rock to be generated without noticeable change to the original 
topographic appearance. 


The largest and only major building in the surface plant will 
be the "main building" located as shown on Plate 3. This build- 
ing will house the permanent hoist, air compressors, standby 
electric generator, change house, shop warehouse and emergency 
medical facilities. 


South of the main building, various supplies needed during 
the production phase will be stockpiled. Tankage for storage of 
gasoline and diesel fuel will be located as shown in Plates 2 & 3 
in the area to the northeast of the main building. 


Once the surface facilities needed during the production 
phase of activities have been installed, a six foot chain link 
security fence with lockable gates will be erected to enclose the 
Project Area as noted on Plate 3. The mine-use area will be 
posted with "No Trespassing" signs. The gates in the security 
fence will be closed and locked during periods of inactivity at 
the mine site. 


V. MEASURES TO LIMIT DISTURBANCE 


This Plan of Operations is designed to minimize disturbances 
to the environment and to provide for complete reclamation of 
the surface after completion of the mining activities to the 
standards required by law. The areas proposed to be disturbed 
are as compact as practicable with surface facilities and stock- 
pile and disposal areas clustered together where feasible. 


In the design of this Plan of Operations, EFN recognized that 
one of the important natural environmental issues at the site is 
proper handling of surface water run-off from adjacent water- 
sheds. To address this issue, and to insure the integrity of the 
Area of Operations during activities, flood control measures have 
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been built into the Plan of Operations consistent with the 
recommendations of an independent surface water hydrologist who 
evaluated the area. As designed, surface water cannot enter the 


Area of Operations from any direction. In addition, rainfall 
within the yard will be retained within the Area of Operations 
because of its internal drainage. In addition, the designed 


water holding/evaporation pond will be sized with sufficient 
capacity to retain the surface run-off which would be expected to 
fall within the disturbed area as a result of a 100-year, 24-hour 
storm event as well as any excess water encountered during mining 
activities which cannot otherwise be utilized in connection with 
ongoing activities. 


Diversion channels to direct surface run-off around the Area 
of Operations will be constructed as one of the first activities. 
The small watersheds above the Area of Operations, approximately 
200 acres, will flow into the diversion channels rather than into 
the Area of Operations. 


The southwestern portion of the mine yard will be used to 
stockpile ore prior to shipment to a mill for processing. Prior 
to stockpiling ore grade material in the locations shown on 
Plate 3, EFN will construct an ore pad upon which all ore grade 
material will be stockpiled pending removal from the Project 
Area. Each ore pad will be at least one foot thick and shall be 
constructed utilizing a mixture of limestone and shale produced 
from the underground excavation at the Project Area. Experience 
at other facilities has confirmed that ore pads of this type are 
effective in preventing the movement of any mineral values into 
the soils below the ore pad during periods of ore storage. 


All material containing more than 0.03% U,0, will be tempor- 
arily stockpiled at the location shown on Plate 3. Approximately 
65,000 tons of such low grade material will be produced during 
mining activities. If market prices increase, nearly all of this 
material will be shipped to a mill for processing before the 
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close of mining activities. If any of this low grade material 
remains within the Project Area at the close of activities, prior 
to final reclamation, EFN will haul it from the site or dispose 
of it underground in the mined-out workings. 


EFN will construct and maintain the access road from the 
Project Area to the Mount Trumbull Road in conformance with BLM 
specifications. Ore haulage from the site will be by independent 
truck contractors using 25-ton capacity trucks which comply with 
Arizona Highway Department of Transportation requirements. To 
prevent loss of material from wind erosion and rough roads, each 
load will be covered with a tarpaulin lapping over the side about 
a foot and secured every few feet around the truck bed. In the 
event of a truck accident, EFN will take immediate aggressive 
action to clean up any spilled material. 


VI. MEASURES TO BE TAKEN DURING A PERIOD 
OF NON-OPERATION 


EFN intends to operate the Hermit Project until all economic 
ore reserves are exhausted. The federal regulations which 
require submittal of this Plan of Operations call for a statement 
of measures to be taken in the event of an “extended period of 
non-operation before mining is completed." While there is no 
definitive plan for a shutdown before exhaustion of the mineral 
reserve, this occurrence must be regarded as a possibility. 


Two different types of scenarios would occur depending upon 
the anticipated length of non-operation. A short shutdown of a 
few months to a year would require only limited action. In this 
case, a few employees would be kept at the mine site for repair 
and maintenance work and a watchman would reside at the mine 
site. All inventory items that may deteriorate in a year’s time, 
such as explosives, oil, gas and first-aid supplies, would be 
used or removed from the Project Area. Hardware, such as nuts, 
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nails and pipe fittings, would be secured in place. All equip- 
ment would be checked and most of it stored in the shop building 
or in the mine workings. The limited amount of equipment that 
could be used at other EFN operations would be removed from the 
site. All stockpiles above economic grade would be shipped to a 
mill for processing. There would likely be some stockpile of low 
grade ore which would be maintained at the mine site during a 
shutdown. Ventilation fans, electric lines and transformers 
would be left in place. Steel gates on the mine shaft would be 
closed and locked. 


In the event of non-operation for more than a year, a differ- 
ent procedure would be followed. Nearly all mobile equipment and 
a portion of the fixed equipment would be removed from the 
Project Area. Fans would be removed and the ventilation shaft 
capped with perforated steel plates welded in place to allow 
natural ventilation but to prevent access to the workings. The 
buildings, headframe and hoist would be left in place but secured 
and maintained in the same manner as a short term closure. 


VII. MEASURES TO RECLAIM AT THE END 
OF THE OPERATIONS 


At the conclusion of mining activities, EFN will disassemble 
and remove the hoist/shop building and bury all concrete footings 
and concrete slab materials within the mine yard or backfill the 
material into the shaft. All facilities, materials, supplies and 
equipment will be removed. Low grade material will be removed 
from the site or backfilled into the mine shaft. The shaft 
entrance will be sealed to prevent entry by unauthorized members 
of the public, and the entire Area of Operations will be fully 
reclaimed as shown on Plate 4. Specifically, the following 
reclamation activities will be implemented at the end of mining 
activities: 
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(1) 


(2) 


(3) 


(4) 


(5) 


(6) 


(7) 


After the removal of all equipment, the shaft will be 
sealed in a manner approved by the appropriate regula- 
tory agencies. 


All portions of the Area of Operations not previously 
reclaimed will be re-contoured and re-topsoiled. All 
remaining topsoil will be spread over the Area of Opera- 
tions and contoured. 


All ground surface which has been disturbed will be 
drill seeded using a seed mixture approved by the BLM 
prior to application. 


The Area of Operations will be radiometrically surveyed 
and any material found which exceeds acceptable radia- 
tion standards will be either buried in the mine 
workings or removed from the site. 


The diversion channels built at the start of the Project 
will be kept in place so as to divert surface run-off 
around the area of reseeding until revegetation has been 
adequately established. Thereafter, if requested by the 
BLM, these channels will be re-contoured and seeded. 


Sediments accumulated in the holding pond, if any, will 
be scalped from the pond and either hauled from the 
Project Area or disposed of underground in the mined out 
workings. 


The potential usefulness of the water well will be 
evaluated as part of final site reclamation. If there 
is no other use for the well, it will be sealed and 
abandoned. 
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(8) The access road used for site access and haulage will be 
fully reclaimed unless the BLM requests that it be left 
in place as part of the regional road system under the 
jurisdiction of the BLM. 


VIII. CONCLUSION 


EFN, as operator of the Hermit Project, has prepared and 
submitted this Plan of Operations. The Plan was developed in 
accordance with existing regulations and pursuant to discussions 
with the BLM. In several areas such as archaeology, surface 
water, groundwater, radiation and wildlife, research and analysis 
was undertaken by independent consultants at the request of EFN 
to assist in the design of the surface facilities and to assess 
the potential impacts of the proposed activities. Copies of 
these various reports have or will be provided to the BLM under 
separate cover. In general, these reports establish that the 
potential impacts to the environment of the proposed activities 
at the Hermit Project are confined to the area immediately 
surrounding the Project Area. 


EFN will provide additional information as required and will 
entertain a request for further discussion or on-site meetings. 
EFN believes that implementation of this Plan of Operations will 
ensure that the proposed activities are compatible with all 
existing characteristics of the area and that the Project Area is 
fully and completely reclaimed after completion of activities. 
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in protest 
at mine 


Uranium-ore trucks 
stalled 30 minutes 


* By MARK SHAFFER 
Northern Arizona Bureau 
[= Twenty-one members of the 
environmental group Earth First! 
- were arrested Monday after dis- 
- rupting operations for two hours 
at a uranium mine on federal 
_ land north of the Grand Canyon. 
© The disturbances occurred at 
“Pigeon Mine on the Arizona 
| Strip, about 20 miles north of the 
™ Grand Canyon and just outside 
the Kaibab National Forest on 
| Bureau of Land Management 
land. The mine is one of seven 
sites north of the canyon oper- 
~ated by Energy Fuels Nuclear 
> Inc. of Denver. 

Thirteen of the protesters, who 
scaled a 6-foot-high chain-link 
fence topped with barbed wire, 
were charged with trespassing. 
Eight others, dressed in animal 
costumes and radiation suits, 
were charged with obstruction of 
a roadway, said Lt. Bill Pribil, a 
spokesman for the Coconino 
County Sheriff's Department. All 
are misdemeanor charges, he 
added. . 

“Yeah, we arrested a raccoon, 
a bear and a skunk,” Pribil said, 
adding that the protesters in 
costumes had prevented two ura- 
nium-ore trucks from leaving the 
mine for about 30 minutes. 

All but one of the protesters 
refused to give their names in an 
initial appearance before Fre- 

_donia Justice of the Peace Tom 


Republic 


Newell. They were transported 
by bus to Coconino County Jail in 
Flagstaff on Monday night. One 
man, identified as Jeff Hoffman 
of Tucson, pleaded innocent and 
was released on $685 bail, Newell 
said. An Aug. 13 trial date was 
set. 

Roger Featherstone, an Earth 
First! spokesman, said protesters 
decided to not give their names 
because “they didn’t mind spend- 
ing the night in jail.” 

According to authorities and 
group members, about 90 Earth 
First! members, singing anti-ura- 


nium songs, marched to the mine. 


gate about 10 a.m. where they 
were met by 12 officers from the 
Sheriff's Department, state De- 
partment of Public Safety and 
Energy Fuels’ security personnel. 
Eight protesters then scaled 
the fence and were arrested for 
— Protest, B2 
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energy fuels nuclear, inc. 


one tabor center * suite 2500 (303) 623-8317 
1200 seventeenth street * denver, colorado 80202 twx 910-931-2561 


December 8, 1988 2ECEIVED 


WATER PERMITS 
UNIT 


Mr. Miguel Santiago Ss. ate 
Environmental Health Specialist ATA NE al 


Water Permits Unit 

Arizona Department of Environmental Quality 
2005 North Central Avenue 

Phoenix, Arizona 85004 


Re: Hermit Mine Groundwater Protection Permit 
No. G-0035-08 


Dear Mr. Santiago: 


Enclosed please find Third Quarter analytical results from 
the Hermit Mine monitor well. : 


Also 
attached are analysis results taken from a water producing zone 
within the Hermit shaft sampled on August 22, 1988. 

Same sample number, but shaft appears to be HR 023 not HR 025 


Water was collected at a point approximately 908 
feet below shaft collar elevation (3976 MSL) in a zone yielding 
an estimated 9 gpm. The water bearing zone is just above the 
contact between the Hermit shale and Coconino sandstone. 


If you have questions concerning this matter, please contact 
me at our Denver office. 


Sincerely, | - 
wv ion, ge \/ 


Ly V MY, wh eon 


William J. Almas 
Environmental Coordinator 


WJA: smm 


Enclosures 


233 


Energy Fuels Nuclear, Inc. 
P.O. Box 36 

Fredonia, AZ 86022 

ATTN: Larry Casebolt 


Client No. Log No. 8635 


Sample Type: water 4 


Date Collected: Date Received: 8/23/88 


RESULTS OF ANALYSIS 


Usually, the Alkalinity (carbonate) and the HCO3 
(bicarbonate) are not the exact same value 


BARRINGER LABORATORIES INC. 


15000 W. 6TH AVE., SUITE 300 
GOLDEN, COLORADO 80401 
PHONE: (303) 277-1687 


1455 DEMING WAY, SUITE 15 
SPARKS, NEVADA 89431 
PHONE: (702) 358-1158 


Client PO No. 


Date Reported: 9/30/88 


Alkalinity HCO. CO3 As 
Sample as CaCO as Cal 3 as CaCO NH 4 as N Total 
Identification mg/1 mg/1 mg/1 mg/1 mg/1 
HRO23 (Hermit Shaft) 235 235 <l <O51 0.045 
Ba Cd Ca CE 
Sample Total Total Total Cr Total Conductance 
Identification mg/1 mg/1 mg/1 mg/1 mg/1 ymho/cm 
HRO23 (Hermit Shaft) 0.02 <0 .005 570 30.1 0.09 3350 
Cu Fe Pb Mg Mn Hg 
Sample Total F Total Total Total Total Total 
Identification mg/1 mg/1 mg/ 1 mg/1 mg/1 mg/1 mg/1 
HRO23 (Hermit Shaft) 0.019 1.16 0.62 <0.02 172 0.04 0.0005 
K Se SiO Ag Na 
Sample pH PO Total Total Tota Total Total 
Identification units mg/ t mg/1 mg/1 mg/1 mg/1 mg/1 
HRO23 (Hermit Shaft) 7.20 <0.1 25.1 0.017 10.3 0,02 76.1 
4 
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Energy Fuels Nuclear, Inc. 
P.O. Box 36 
Fredonia, AZ 86022 


ATTN: Larry Casebolt 


LGN: 8635 
Sample TDS TSS 
Identification mg/1 mg/1 
HRO23 (Hermit Shaft) 3250 <4 
Ra-226 
(Total) 
Sample pCi/liter 
Identification +Precision* 
HRO23 (Hermit Shaft) 150 + 10 


Zn 
SO Total 
t 


mg/ mg/1 
2040 0.079 


Th-230 
(Total) 
pCi/liter 


+Precision* 


1,2 £ 0,8 


sarringer Laboratories 
15000 W. 6th Avenue 
Suite 300 

Golden, CO 80401 
(303) 277-1687 


(Total) (Total) 
Gross Alpha Gross Beta 
pci/liter vCi/liter 
+Precision* +Precision* 
1300 + 100 490 + 20 

Uranium 
(Total) 
mg/liter 
0.0420 
42 ppb 


1,300 pCi/L =1,950 ppb 


* Variability of the radioactive disintegration process 
(counting error) at the 95% confidence level, 20 
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Barringer Laboratories 
15000 W. 6th Avenue 
Suite 300 

Golden, CO 80401 
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Energy Fuels Nuclear, Inc. 
P.O. Box 36 
Fredonia, AZ 86022 


ATIN: Larry Casebolt 
LGN: 8635 

QUALITY CONTROL DATA SHEET 
Time Received: Via: Federal Express 


Date: 8/23/88 By: Gina-Reichert 


Sample Type: water 
Sample Container Type: large cube 


Preservative When Received: 1. HNO 2s H,SO, 3. aS received 
Additional Lab Preparation: None 
Date(s) of 

Parameter Reference Method LLD Preservative Analyst Analysis 
pH 1 150.1 0.01 units 3 J. Hageman 8/29/88 
Chloride al 325.3 0.2 mg/l 3 D. Hobbs 8/29/88 
Alkalinity a 310.1 0.5 mg/1 3 A. Knudson 8/30/88 
Ammonia 1 350.1 0.1 mg/l 2 D. Hobbs 8/30/88 
Fluoride 1 340.2 0.1 mg/1 3 A. Knudson 8/31/88 
Mercury 1 245.1 9 0.2 yg/1 1 G. Gilleland 9/6/88 
Barium 1 200.7 5 ug/l 1 D. Hidalgo 9/8/88 
Cadmium 1 200.7 5 yg/1 i D. Hidalgo 9/8/88 
Calcium i 200.7 10 ug/l pS D. Hidalgo 9/8/88 
Chromium 1 200.7 10 yg/1 1 D. Hidalgo 9/8/88 
Copper : 200.7 10 yg/1 1 D. Hidalgo 9/8/88 
Iron i 200.7 10 yg/1 ut D. Hidalgo 9/8/88 
Lead 1 200.7 5 ug/l 1 D. Hidalgo 9/8/88 
Magnesium 1 200.7 10 yg/l1 1 D. Hidalgo 9/8/88 
Manganese 1 200.7 3 ug/l 1 D. Hidalgo 9/8/88 
Potassium 1 200.7 10 ug/l 1 D. Hidalgo 9/8/88 
Silica 1 200.7 10 g/l 1 D. Hidalgo 9/8/88 
Phosphate 1 365.1 0.01 mg/1 3 D. Hobbs 9/9/88 
Selenium 1 270.2 2 ug/l 1 G. Gilleland 9/15/88 
Arsenic 1 206 .2 1 yg/1 1 T. Carr 9/19/88 
Total Dissolved 

Solids 1 160.1 10 mg/l 3 P. Huebner 8/29/88 
Sulfate 1 375.3 0.1 mg/l 3 P. Huebner 8/29/88 
Silver 1 200.7 5 ug/l 1 D. Hidalgo 9/8/88 
Sodium 1 200.7. 0.01 ug/l 1 D. Hidalgo 9/8/88 
Zinc 1 200.7 5 ug/l 1 D. Hidalgo 9/8/88 
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Energy Fuels Nuclear, Inc. 


P.O. Box 36 


Fredonia, AZ 86022 


ATIN: Larry Casebolt 


LGN: 8635 
QUALITY CONTROL DATA SHEET (cont'd) 
Date(s) of 
Parameter Reference LLD Preservative Analyst Analysis 
Alpha-Beta 1.0,2.0 pci/1 3 M. Kidwell 9/1-9/12/88 
Radium 226 0.2 pci/l > Howard & Garcia 8/29-9/6/88 
Thorium 230 0.2 pci/1 3 Taylor & Ortiz 8/29-9/7/88 
Uranium 9,10 0.2 pCi/1 3 B. Tonning 9/6-9/8/88 
DUPLICATES 

Sample Relative Deviation 
Identification Parameter Result Result From Mean 
HRO23 (Hermit Shaft) pH Vane 7.19 0.33 
HRO23 (Hermit Shaft) Chloride 30.1 30.1 0.0% 
HRO23 (Hermit Shaft) Alkalinity 235 235 0.0% 
HRO23 (Hermit Shaft) Ammonia v.11 0.1 0.0% 
HRO23 (Hermit Shaft) Fluoride 1.35 1.16 0.9% 
HRO23 (Hermit Shaft) Mercury 0.0005 0.0005 0.0% 
HRO23 (Hermit Shaft) Barium 0.02 0.02 0.0% 
HRO23 (Hermit Shaft) Cadmium <0 .005 <0.005 0.0% 
HRO23 (Hermit Shaft) Chromium 0.09 0.09 0.0% 
HRO23 (Hermit Shaft) Copper 0.02 0.02 0.0% 
HRO23 (Hermit Shaft) Iron 0.62 0.62 0.0% 
HRO23 (Hermit Shaft) Lead <0.02 <0 .02 0.0% 
HRO23 (Hermit Shaft) Magnesium 172 173 0.06% 
HRO23 (Hermit Shaft) Manganese 0.04 0.04 0.0% 
HRO23 (Hermit Shaft) Potassium 25.1 25.4 1.2% 
HRO23 (Hermit Shaft) Phosphate <0.1 0.1 0.0% 
HRO23 (Hermit Shaft) Selenium 0.017 0.017 0.0% 
HRO23 (Hermit Shaft) Arsenic 0.044 0.048 8.7% 
HRO23 (Hermit Shaft) TDS 3250 3250 0.0% 
HRO23 (Hermit Shaft) Sulfate 2020 2050 1.5% 
HRO23 (Hermit Shaft) Silver 0.02 0.02 nes 
HRO23 (Hermit Shaft) Sodium 76.1 77.0 1.2% 
HRO23 (Hermit Shaft) Zinc 0.079 0.079 0.0% 
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Suite 300 
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Energy Fuels Nuclear, Inc. 
P.O. Box 36 
Fredonia, AZ 86022 


ATIN: Larry Casebolt 


, 


Relative Deviation 


LGN: 8635 
QUALITY CONTROL DATA SHEET (cont'd) 
DUPLICATES (cont'd) 
Sample 

Identification Parameter Result 

HRO23 (Hermit Shaft) Gross Alpha 1200 + 100 

HRO23 (Hermit Shaft) Gross Beta 450 + 20 

HRO23 (Hermit Shaft) Uranium 0.0427 


Parameter Result Certified Result 
Chloride 27.5 25.85 
Ammonia 2.04 1.98 
Fluoride 0.49 0.50 
Mercury 0.002 0.002 
Barium 1.04 0.97 
Cadmium 0.198 0.200 
Calcium 2.05 2.00 
Chromium 0.211 0.200 
Copper 0.203 0.200 
Iron 0.204 0.200 
Lead 0.205 0.200 
Magnesium 0.201 0.200 
Manganese 0.208 0.200 
Potassium 10.1 10.0 
Silica 1.12 1.07 
Phosphate 0.50 0.50 
Selenium 0.008 0.009 
Arsenic 0.058 0.062 
Total Dissolved 

Solids 1460 1479 


Result From Mean 
1400 + 100 7.7% 
530 + 20 8.2% 

0.0413 1.7% 


QUALITY CONTROL STANDARDS 
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0.006 - 0.012 
0.048 - 0.073 


Acceptable Relative Deviation 
Target Range From Known 

22.3 -— 28,7 6.3% 
1.78 —- 2.18 3.0% 
0.45 - 0,55 2.0% 
0.001 - 0,022 0.0% 
0.82 —- 1,12 Fs0S 
0.170 — 0,230 1.03% 
1,70 - 2.30 2.5% 
0.170 - 0.230 5.5% 
0.170 -— 0,230 1.9% 
0.170 -— 0.230 2.0% 
0.170 — 0,230 2.5% 
0.170 -— 0,230 0.53 
0.170 - 0,230 4.0% 
8.5. — 11.5 1.0% 
0.99 = 1,23 5.03 
0.46 —- 0,54 0.0% 
11.03% 
6.7% 


1331 - 1627 


Energy Fuels Nuclear, Inc. 


P.O. Box 36 


Fredonia, AZ 86022 


ATIN: Larry Casebolt 


LGN: 8635 


Parameter 


Sulfate 
Silver 
Sodium 

Zinc 

Gross Alpha 
Gross Beta 
Radium 226 
Thorium 230 
Uranium 


= 
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H 
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QUALITY CONTROL DATA SHEET (cont'd) 


QUALITY CONTROL STANDARDS (cont'd) 


Parameter 


Cadmium 
Barium 
Chromium 
Copper 
Iron 
Lead 
Manganese 
Potassium 
Silver 
Zinc 


Certified Result 


1000 
0.99 
0.86 
0.200 
198 
175 
101 
267 
34 


Spike % 


Recovery 


97 
100 
128 
100 
131 
109 
98 
106 
95 
99 
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How are there 
“Known” values? 
Are these results 
taken from the Lab 
Accuracy results? 
See pages 
1,010-1,011 and 
1,417-1,422 


Acceptable Relative Deviation 
Target Range From Known 
900 - 1100 3.0% 

0.84 - 1.14 1.0% 
0.73 - 0.99 5.0% 
0.170 - 0.230 3.0% 

178 - 218 3,98 
158 - 193 3.3% 
96 - 106 5.0% 
254 — 280 8.5% 
32 - 36 5 9% 
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18000 W. @TM AVE, SUITE 300 
GOLDEN, COLORADO =. a0401 


PHONE: (303) 277-1687 
BARRINGER LABORATORIES INC. yon aye RE TE 
SPARKS, NEVADA oes) 
| PHONE: (702) Ae + 166 
Energy Fuels Nuclear, Inc. 
P.O. Box 36 
Fredonia, AZ 86022 
ATIN: Larry Casebolt 
Client No. Log No. 8851 Client PO No. 
Sample Type: water 
Date Collected: Date Received: 9/29/88 Date Reported: 11/15/88 
RESULTS Of ANALYSIS 
Alkalinity | HOO CO. As 
Sample as Cac0, as 3 as NH, as N Total 
Identification mq/1 ~ _ta/1 mg/l" tg/1 mq/1 
HRO25 (Hermit Mine) 157 157 a 4.1 0.020 
PNO26 (Pinenut Mine) 191 | 191 a 0.1 0,034 
10027 (Fredonia Office) 187 187 al 4.1 0,031 
Ba B Ca Ca Cr 
Sample Total Total Total Total cl Total 
Identification mg/1 mg/ 1 mg/1 mg/1 mg/l mg/1 
HRO25 (Hermit Mine) 0.04 0,38 0.005 494 42.3 0.13 
PNO26 (Pinenut Mine) 0.02 0.36. 0.005 233 16.1 0,22 
10027 (Fredonia Office) 0,03 0.36 2.005 223 16,1 0,22 
cu Fe Pb Mg 
Sample Conductance Total F Total § Total 
Identification ymho/on mg/l - mg/l mg/l mq/1 mg/1 
HRO25 (Hermit Mine) 3340 0,02 1.32 6,21 <0 .02 169 
PNO26 (Pinenut Mine) 2130 0.51 0.87 10.6 0.03 128 
10027 (Fredonia Office) 2130 0.50 0.88 10.4 0,02 122 
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Barringer Laboratories 
15000 W, 6h Avenue 
Suite 300 

Golden, CO 80401 
(303) 377-1687 


Energy Fuels 
P.O. Box 36 
Fredonia, AZ 86022 


ATIN: Larry Casebolt 


LGN: 8851 
Mn Eq Mo 
Sample Total Total Total © NO, as N pH PO, as P 
Identification mg/1 mg/l. mg/l ing/1. units mg/1 
HRO25 (Hermit Mine) 0.09 0.0003 0.05 @.1 7,20 &.1 
PNO26 (Pinenut Mine) 0.42 0.0003 0,10 Q.1 75a A.1 
10027 (Fredonia Office) 0.40 0.0003 0.10 4.1 7.50 0.2 
K Se == $105 Ag Na 
Sample Total Total) $$ Total Total Total TDS 
Identification mg/1 mg/1 mg/l mg/l mg/1 mg/l 
HRO25 (Hermit Mine) 19,4 0,037) En a 0.02 69.5 3430 
PNO26 (Pinenut Mine) 18.7 0.024 8,64 0,02 51.6 1880 
LC027 (Fredonia Office) Liat 0,026 8.90. 0.02 49.2 1900 
Zn Sulfite 
Sample TS3 SO, | Total Total 
Identification mg/1 ma/t | mg/l mg/1 
HRO25 (Hermit Mine) 14 2080 © 0.070 <2 
PNO26 (Pinenut Mine) 25 1160 | 0,061 <2 
10027 (Fredonia Office) 18 1190 | 0.043 <2 


—— 4% «a# 4 


Golden, CO 80401 
(303) 277-1687 


Energy Fuels 
P.O. Box 36 
Fredonia, AZ 86022 


ATTN: Larry Casebolt 


LGN: 8851 
Gross Alpha’ Gross Beta! Ra=226 
(Total) (Total) (Total) 
Sample pCi/liter pci/liter pCi/liter 
Identification +Precision* +Precision* +Precision* 
R025 (Hermit Mine) 76 + 25 38 + 1) 0.4 + 0,2 
PNO26 (Pinenut Mine) 42414 | 33 +7 1.9 + 0.5 
C027 (Fredonia Office) 54415 | 3447 2.4 + 0.5 
Th-230 
(Total) Uranium 
Sample pei/liter (Total) 
Identification +Precision* mg/liter 
HRO25 (Hermit Mine) 0.4 + 0.4) 0.0022 
PNO26 (Pinenue Mine) 0.5+0.5) 0,0073 
10027 (Fredonia Office) 1.2 + 0.7. 0.0073 


* Variability of the radioactive disintegration process 
(counting error) at the) 95% confidence level, 20 


1 Gross alpha & gross beth results are based on Thorium-230 
and Strontium-90 oalibention standards respactively. 


Aceroved by ~. Ll. 3 of 3? 


“xr” “Wu! 


Barringer Laboratories 
15000 W. 6th Avenue 
Suite 300 

Golden, CO 80401 
(303) 277~1687 


Energy Fuels Nuclear, Ir. 
P.O. Box 36 
Fredonia, AZ 86022 
ATTN: Larry Casebolt 
LGN: 8851 
| 
QUALITY CONTROL DATA SHEET 
| 


Date: 9/29/88 By: Sue Barkey 


Time Received: 9:00 Via: 


Sample Container Type: large cubes, small cubes 
Sample Type: water 


Preservative Whén Héceived: 1. HNS, 2.4450, 3. as received 4. Zn Acetate 
‘Additional Lab Preparation: 


airplane 


None | 


Date(s) of 
Parameter Reference Method LLD ~—Sysd Preservative Analyst Analysis 
Chloride 1 325.3. 0.2 mg/l 3 D. Hobbs 10/7/88 
Nitrate 1 353.1 0.1 mg/l 2 D. Hobbs 10/12/88 
Ammonia 1 350.1 0.1 mg/1 2 D. Hobbs 10/13/88 
Barium 1 200.7 5 ug/l 1 D. Hidalgo 10/19/88 
Boron 1 200.7 10 ug/ 1 D. Hidalgo 10/19/88 
Cadmium 1 200.7 5 ug/ : D. Hidalgo 10/19/88 
Calcium ‘ 200.7 10 ug/2 1 D. Hidalgo 10/19/38 
Chromium i 200.7 10 yg/1 1 D. Hidalgo 10/19/88 
Copper 1 200.7 10 ug/L 1 D. Hidalgo 10/19/88 
Iron 1 200.7 10 ug/L i D. 10/19/88 
Lead 1 200.7 5 ug/l 1 D. Hidalgo 10/19/88 
Magnesium 1 200.7 10 g/L 1 D. Hidalgo 10/19/88 
1 200.7 3 yg/L 1 D. Hidalgo 10/19/88 
Molybdenum 1 200.7 10 ug/l 1 D. Hidalgo 10/19/88 
1 206 .2 1 ug/l 1 G. Gilleland 10/20/88 

pH 1 150.1 0.01 units 1 A. Knudson 10/6/88 
Mercury rl 245.1 0.2 yg/L 1 G. Gilleland . 10/25/88 
Conductance 1 120.0 0.1 umhos/em 1 P. Huebner 10/27/88 
Fluoride 1 340.2 0,1 mg/t 1 A. Knudson 10/27/88 
Total Suspended 

Solids 1 160.2 4 mg/l 3 P. Huebner 10/11/88 
Total Dissolved | 

Solids 1 160.1 16 mg/1 3 P. Huebner 10/14/88 
Sulfate 1 375.3 0.1 mg/1 3 P. Huebner 10/13/88 
Silica 1 200.7 10 ug/l 1 D. Hidalgo 10/19/88 
Silver 1 200.7 1 D. Hidalgo 10/19/88 


Wj OWS 


Barringer Laboratories 
15000 Ww. 6th Avenue 
- Suite 300 ; 
Golden, CO 80401 
(303) 277~1667 


Energy Fuels Nuclear, Inc. 
P.O. Box 36 
Fredonia, AZ 86022 


ATIN: Larry Casebolt 


LGN: 8851 
QUALITY CONTROL DATA SHEET (cont'd) 
| Date(s) of 
Parameter Référence Method LID ~—Ss« Preservative Analyst Analysis 
Sodium 1 200.7 0.01 yg/1 1 D. Hidalgo 10/19/88 
Zine 1 200.7 5 ug/l i D. Hidalgo 10/19/88 
Phosphate 1 365,1 0.01 mg/1 3 D. Hobbs 10/20/88 
Selenium 1 270.2 2 yg/1 1 G. Gilleland 10/27/88 
Alpha~Beta 4 1.0,2.0 ped/1 3 M. Kidwell § 10/13-10/18/88 
Radium 226 4,7 2 ped/1 3 Howard,Goodale,Garcia 10/19-10/24/€ 
Thorium 230 11 0.2 pci/l 3 J. Ortiz 10/21-10/24/88 
Uranium 4,14 0.2 pei/l 3 B. Tonning 10/7-10/11/88 
DUPLICATES 

Sample | Relative Deviation 
Identification Parameter Result Result Fran Mean 
10027 (Fredonia Office) Chloride 16.1 16.1 0.0% 
10027 (Fredonia Office) Nitrate 0.1 &.1 0.0% 
10027 (Fredonia Office) Ammonia 0.1 0.1 0.0% 
10027 (Fredonia Office) Barium 0.03 0,03 0.0% 
10027 (Fredonia Office) Boron 0.36 0,36 0.0% 
10027 (Fredonia Office) Cadmium & 005 2.005 0.0% 
10027 (Fredonia Office) Calcium 223 223 0.0% 
10027 (Fredonia Office) Chromium 0.22 0.22 0.0% 
10027 (Fredonia Office) Copper 0.50 0.50 0.0% 
1C027 (Fredonia Office) Iron 10.4 10.4 0.0% 
10027 (Fredonia Office) Lead & .02 0.02 — 
10027 (Fredonia Office) Magnesium 122 122 Q.0% 
1C027 (Fredonia Office) 0.40 0.40 0.0% 
10027 (Fredonia Office) Molybdenum 0.10 0.10 0.0% 
LC027 (Fredonia Office) Arsenic 0/031 0.031 0.0% 
HRO25 (Hermit Mine) PH 7.20 7.19 0.1% 
10027 (Fredonia Office) Mercury 0.0003 0.0003 0.08 
10027 (Fredonia Office) Conductance 2130 2130 0.0% 
10027 (Fredonia Office) Fluoride 0,88 0.88 0.0% 
PNO26 (Pinenut Mine) . TSS 27 27 0.0% 
10027 (Fredonia Office) TDS 1910 1880 1.6% 


Energy Fuels 
P.O. Box 36 
Fredonia, AZ 86022 


ATIN: Larry Casebolt 
LGN: 8851 


Sample 
Identification 


16027 (Fredonia Office) 
10027 (Fredonia Office) 
10027 (Fredonia Office) 
10027 (Fredonia Office) 
16027 (Fredonia Office) 
10027 (Fredonia Office) 
16027 (Fredonia Office) 
PNO26 (Pinenut Mine) 

10027 (Fredonia Office) 


Parameter Result 
Chloride 26.6 
Nitrate 2.02 
Anronia 2.09 
Barium 1.04 
Boron 0.97 
Cadmium 0.192 
Calcium 1.92 
Chranium 0.211 
Copper 0.194 
Iron 0.189 
Lead 0.188 
Magnesium 0.201 
sa 0.191 
Molybdenum 0.189 
Arsenic 0.097 
Mercury 0,005 
Fluoride 0.51 
TDS 1474 
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Barringer Laboratories 
15000 W, 6th Avenua 


Suite 300 
Golden, © 80401 
(303) 277-1687 


QUALITY CONTROL DATA SHEET (cont'd) 


f 


DUPLICATES (cont'd) 


0.0074 


QUALITY CONTROL STANDARDS 


Certified Result 
26.05 | 


1.98 
1.98 
0.97 
0.99 
0,200 
2.00 
0.200 
0,200 
0.200 
0.200 
0.200 
0.200 
0.200 
0.100 
0,005 
0.50 
1479 


Acceptable 
t 

24.1 = 27.7 
1,78 = 2.18 
1.78 - 2,18 
0,82 = 1.12 
0.84 — 1.14 
0.170 =~ 0.230 
1.70 - 2.30 
0.170 - 0,230 
0.170 = 0,230. 
0.170 = 0,230 
0.170 = 0.230 
0.170 - 0.230 
0.080 - 0.118 
0.004 - 0,006 
0.45 - 0.55 
1331 - 1627 


Relative Deviation 


Relative Deviation 


Fran Known 
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Energy Fuels 
P.O. Box 36 
Fredonia, AZ 86022 


ATTN: Larry Casebolt 


LGN: 8851 

Parameter Result 
Sulfate 1064 
Potassium 9.1 
Silica 1.09 
Silver 0.99 
Sodium 0.80 
Zine 0.194 
Selenium 0,008 
Gross Alpha 213 +4 
Gross Beta 179 £2 
Radium 226 96 +2 
Thorium 230 110 + 3 
Uranium 34 


Barringer Laboratories 
15000 W. 6th Avenue 
Suite 300 
Golden, CO 8040 
(303) 377-1687 
QUALITY CONTROL DATA SHEET (cont'd) 
QUALITY CONTROL STANDARDS (cont'd) 
Acceptable Relative Deviation 
Certified Result Target Range From Known 
1000 900 - 1100 6 4% 
10.0 8.5 - 11.5 9.0% 
1,07 0.93 _ 1.23 2.0% 
1.00 0,85 = 1.15 1,0% 
0.86 0.73 = 0,99 6.0% 
0.200 0.170 ~ 0,230 3.0% 
0.009 | 0.006 - 0.012 11.0% 
198 178 = 218 7.0% 
175 158 - 193 2.2% 
101 ‘96 --106 5.0% 
99 94 ~ 104 10.0% 
34 32 - 36 0.0% 
Spike % 
Parameter _ Recovery 
Chlexide 102 
Nitrate 83 
Ammonia 96 
Barivn 102 
Boron 101 
Cadmium 96 
Chromium 106 
Copper 108 
lead 97 
104 
Molykdenum 97 
Arsenic 104 
| 76 
Potassium 94 
silver 91 
Zine 96 
Selenium 76 
? pg. 4 of 4 
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DATE: 
TOH 


THRU: 


FROM: 


RE: 


H-4515.124 
ARIZONA DE TE VMENT OF ENVIRONMENTAL QUALITY 
Inter-Office Memorandum 
October 19, 1987 


Miguel Santiago, EHS II 
Water Permits Unit 


Debra Daniel, Manager 
State Permits Hydrology Unit 


Michael Leach, Hydrologist Mbis— 
State Permits Hydrology Unit 


Hermit and Pinenut Mines 


Due to the great similarity between the above referenced facilities, their Draft 
Groundwater Quality Protection Permits have been reviewed together and the 
following comments have been made: 


1) 


ML: d] 


M/ Stock (Rev. 4-87) 


Upon obtaining all of Phase I (pre-mining) water quality data as 

described in Part I1.B.1.a of the draft permits, a report which sum- 
marizes the water quality data and establishes the Maximum Groundwater 
Limit (MGL) for each sampling parameter should be submitted to ADEQ 
for each facility. MGL's should be assigned using the procedure 

described in Part II.B.2.b. of the draft permits. 


The proposed Phase III (post-mining) groundwater sampling frequency 
and subsequent data manipulation used to determine the eventual cessa- 
tion of sampling activities (described in Part II.B.1.c.2. of the 
draft permits) should be changed. The problem is that the draft per- 
mit does not take into consideration the potential length of time 
necessary for any contaminated water from the mine shaft to travel 
several hundred feet to the regional water table. If the vadose zone 
is not substantially fractured, travel times could take several years, 
depending on the vertical permeability of the vadose zone rock 
formations. Therefore, a long-term, post-closure sampling program 
should be implemented. This sampling program should last 15 years 
with semi-annual sampling of the on-site water supply/monitor well. 
(Hermit and Pinenut Mine) and the spring at Willow Springs (Pinenut 
Mine). Water quality analyses should include the parameters listed 
in Part II.B.2.b. of the draft permit, and MGL's should remain the 
same as calculated for Phase II (mining) groundwater monitoring. 


The contingency requirements listed in Part II.C.2. of the Pinenut 
Mine draft permit should include a report which assesses the impacts 
of a confirmed exceedence of an MGL occurring at the spring at Willow 
Springs. 


— > Z & @ Ir. 
ARI ‘A DEPARTMENT OF ENVIRONMENTAL QUALITY 


Inter-Office Memorandum 


October 13, 1988 


TO: See Distribution 


THRU: Gary Uilinskey, Program Supervisor foru 
Water Permits Unit, New Facilities Team 


FROM: Miguel A.” Santiago, EHS - II 
Water Permits Unit 


RE: Groundwater Quality Protection Permits 
No. G-0035-08 (Hermit Mine) 
and G-0036-08 (Pinenut Mine) Minor Modification 
The attached pages are modifications made to the above referenced 
permits. Please insert these pages, according to the permit number 
on the above right hand corner, to your respective copies. 
If you have any questions or conments, you mey contect me at 257-2270. 
Attachment 
MS:3m 
DISTRIBUTION: 
Robert Hollander, Manager, Central Regionai Office 
Compliance Unit 


Health Services Laboratory Licensure Program Manager 
Hydrology Unit 


ADEQ, ADM; Stock (Rev. 4-87) 
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GROUNDWATER QUALITY PROTECTION 
PERMIT NO. G-0036-08 


& 


Ck NR SO hy bit Let tina SE 


(Cont'd.) 
MAXIMUM GROUND- METHOD OF 
PARAMETER WATER LIMITS REF 1.p.(1) ANALYSIS 


ore 


F milligrams 

| er_ liter 

4 

; Chloride Reserved** 3 325.3 

‘ Chromium (total) Reserved** : 218.2 

; Copper Reserved** 2 Belek 

: Fluoride Reserved** 3 340.2 

: Iron Reserved** 2 236.1 

i Lead Reserved** 1 239.2 

; Magnesium Reserved** 2 243.1 

f Manganese Reserved** 2 243.1 

f Mercury Reserved** 1 245.1 

‘ Nitrate (as N) Reserved** 3 --- 

i Phosphate -  Reserved** + 424 

3 Potassium Reserved** 2 258.1 

4 Selenium Reserved** 1 270.2 

i Silver Reserved** 2 27201 

{ Silica Reserved** - --- 

i Sodium Reserved** 2 273.1 

H Sul fate Reserved** 3 375.3 

‘ Total Dis- 

‘ solved Solids Reserved** 3 160.3 

: Zinc Reserved** 2 289.1 

H (micromhos 

i per_ centimeter) 

Specific 

Conductance Reserved** 3 120.1 

| (picocuries 

; per liter) 

g 

i Gross Alpha Reserved** 4,13 703 

& Gross Beta Reserved** 4,13 703 

Total Uranium Reserved** 9,10 --- 
Thorium 230 Reserved** 9,10 --- 
Radium 226 Reserved** AT 705,706 


(l) standard references are listed on Attachment I to 
~ this Permit. 


** Reserved - Maximum Groundwater Limits shall be 
based on the ambient concentrations of chemical 
constituents in groundwater. A statistical analysis 
of the results of the Phase I monitoring program shall 
be used to determine the Maximum Groundwater Limits as 
follows: 


eo @ pt 


ARIZONA DEPARTMENT OF ENVIRONMENTAL QUALITY 


EVAN MECHAM, GOVERNOR 
GERALD H. TELETZKE, PH.D., DIRECTOR October 13, 1988 
’ 


Mr. William J. Almas 
Environmental Coordinator 
Energy Fuels Nuclear 

1200 i7th Street, Suite 2500 
Denver, Colorado 80202 
Dear Mr. Almas: 


RE: Hermit Mine G-—0035-08 
Pinenut Mine G-0036-08 


Your request for modification of the Groundwater Quality Protection Permits 
for the above referenced facilities has been evaluated by the Department. es 


As indicated in the attached pages of the permits, Alert Levels and Maximum 
Groundwater Limits will be determined upon completion of the pre-mining 
phase of operations. Please insert these pages into your copies of the 
permits. 
If you have any questions, you may contact me at (602) 257-2270. 

Sincerely, 


Aigl Cate 


Miguel A. Santiago 
Water Permits Unit 


MS:jm 
Attachment 


cc: Mohave County Health Department 


The Department of Environmental Quality is An Equal Opportunity Affirmative Action Employer 


Central Palm Plaza Building 2005 North Central Avenue Phoenix, Arizona 85004 
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GROUNDWATI UALITY PROTECTION 
PERMIT NO. u-0035-08 
METHOD OF 

PARAMETER ALERT LEVEL REF 1.D.(1) — ANALYSIS 

(milligrams 

per liter) 
Arsenic 0.025 1 206.2 
Barium 0.5 2 208.1 
Cadmium 0.005 1 213.2 
Copper 0.5 2 220.1 
Iron 0.15 2 236.1 
Lead 0.025 1 239.2 
Manganese Reserved* 2 242.1 
Mercury 0.001 1 245.1 
Nitrate (as N) 5.0 3 --- 
Selenium 0.005 yt 270.2 
Silver 0.025 rd 2720. 
Zinc 5.0 2 289.1 

(picocuries 

per liter) 
Uranium (total) Reserved* 9,10 --- 
Gross Alpha 5.9 4,13 703 
Gross Beta 5.0 4,13 703 


Comprehensive List of Parameters 


The comprehensive list of parameters shall be utilized 
for all samples during Phase I of sampling and yearly 
thereafter during Phase II at all sampling sites. 

This list will also be used in the case that the Alert 
Levels for indicator parameters are exceeded and a 
confirmation sample is needed. 


MAXIMUM GROUND- METHOD OF 
PARAMETER WATER LIMITS REF 1.0. (1) ANALYSIS 
(milligrams 
_per liter) 
Alkalinity 
(as carbonate) Reserved* 4 403 
Arsenic 0.05 1 206.2 
Barium 1.0 2 208.1 
Bicarbonate Reserved* 3 305.1 
Cadmium 0.010 1 21362 
Calcium Reserved* 2 215.1 
Carbonate Reserved* 4 403 
Chloride Reserved* 3 329.93 
Chromium (total) 0.05 1 218.2 
Copper 1.0 2 220.1 


(1) standard references are listed on Attachment I to 


this Permit. 


Page 8 of 
GROUNDWAT! jJUALITY PROTECTION 
PERMIT NO. u-0035-08 


(Continued ) 


MAXIMUM GROUND- METHOD OF 
PARAMETER WATER LIMITS REF 1.0. (1) ANALYSIS 
(milligrams 


per liter) 
Fluoride 2.4 3 340.2 
Iron 0.3 2 23661 
Lead 0.05 1 239.2 
Magnesium Reserved* 2 243.1 
Manganese Reserved* 2 243.1 
Mercury 0.002 1 245.1 
Nitrate (as N) 10.0 3 --- 
Phosphate Reserved* 4 424 
Potassium Reserved* 2 258.1 
Selenium 0.01 1 270.2 
Silver 0.05 2 272.1 
Silica Reserved* - --- 
Sodium Reserved* 2 27361 
Sul fate Reserved* 3 3/553 
Total Dis- 

solved Solids Reserve d* 3 160.3 

Zinc Reserved* 2 289.1 

(micromhos 

per centimeter) 
Specific 
Conductance Reserve d* 3 120.1 

(picocuries 

per liter) 
Gross Alpha 15 4,13 703 
Gross Beta 50 4,13 703 
Total Uranium Reserved* 9,10 --- 
Thorium 230 Reserved* 9,10 --- 
Radium 226 Reserved* 4,7 705,706 


(1)standard references are listed on Attachment I to 
this Permit. 


* Reserved - Maximum Groundwater Limits shall be based 
on the ambient concentrations of chemical constituents 
in groundwater. A statistical analysis of the results 
of the Phase I monitoring program shall be used to 
determine the Maximum Groundwater Limits as follows: 


Ps 4515.174 


EPARTMENT OF ENVIRONMENTAL y 
@:-Office Memorandum 


DATE: September 14, 1988 


TO: Miguel Santiago 
Water Permits Unit 

THRU: Debra Daniel, Manager ob 
State Permits Hydrology Unit 


FROM: Michael Leach, Hydrologist Wx 
State Permits Hydrology Unit 


RE: Canyon Mine 


This memo is in response to the concern expressed in your communication of 
September 1,' 1988 surrounding the establishment of Alert Levels for chemical 
constituents listed in Part II.B.2.a. of the groundwater permit for the above 
referenced facility. As in the case of the Maximum Groundwater Limits (MGL's), 
establishment of Alert Levels will be based upon ambient groundwater quality 
obtained from pre-mining groundwater sampling activities. However, as opposed 
to MGL's, establishment of Alert Levels may be somewhat subjective in that such 
aspects as data variability or data precision will be taken into consideration. 
In addition, ambient concentrations of chemical parameters which naturally exceed 
an established Maximum Contaminant Limit (MCL) will not have Alert Levels since 
in this instance there will be a non-degradation policy. For instance initial 
sampling events indicate that gross alpha particle activity has naturally ex- 
ceeded the established MCL. At this time there is very little groundwater data 
available to establish either MGL's or Action Levels, and determination of 
acceptable groundwater quality standards should occur upon completion of. the 
pre-mining phase of operations. Therefore, the Alert Levels listed in Part 
II.B.2.a. of the groundwater permit should all be listed as "Reserved". 


ML:d1 
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September 1, 1988 4 


Mr. Miguel Santiago < 
Environmental Health Specialist ‘ 
Water Permits Unit X 
Arizona Department of Environmental Quality 
2005 North Central Avenue 

Phoenix, Arizona 85004 


Re: Hermit Mine Groundwater Protection Permit No. 6-0004-03 
Dear Mr. Santiago: 


Enclosed please find Second Quarter analytical results from 


the Hermit Mine Monitor Well. The well was sampled on June 28, 
1988. Samples were obtained following procedures outlined in the 
Groundwater Protection Permit. Analysis was performed for the 


comprehensive list of parameters given in Part II.B.2.b. of the 
Groundwater Protection Permit and are identified on the 
laboratory analytical report as Sample Identification HR 019. 
Also enclosed are pH, conductivity and temperature measurements 
taken at the time of sampling. Static water level was recorded 
just prior to turning the pump on to void the well casing prior 
to sampling. 


Please note that sample analysis results have not been 
submitted on ADEQ Self-Monitoring Forms. This is because not all 
parameters for which Energy Fuels Nuclear (CEFN) samples are 
included on the form. Please advise as to the appropriate format 
for submittal of quarterly analytical data in the future. Also, 
as previously indicated by EFN, certain parameters equal or 
exceed Alert Levels and/or Maximum Groundwater Limits. These 
exceedances are a result of ADEQ setting of arbitrary levels for 
Alert or Maximum levels, rather than taking ambient 
concentrations of groundwater into consideration. EFN requests 
that these regulatory limits be modified to reflect background 
concentrations of constituents within water coming from the 
Redwall-Mauv aquifer. 


If you have any questions concerning this matter, please 
contact me at our Denver office. 


Sincerely, 


Environmental Coordinator 


WJA:smm 
Enclosure 
FEDERAL EXPRESS 


SUMMARY OF FIELD DATA 
SECOND QUARTER SAMPLING, 1988 


HERMIT MINE 


DATE OF SAMPLE: June 29,1988 


pH: 6.54 GW slightly acidic 

EC: 

Temperature: 24.5°C ’ 

Static Water Level: 3384.4 MSL Surface elevation: 4,886’ amsl 
1,501.6 ft bls 


Groundwater samples were preserved and put on ice immediately 
after collection. Groundwater samples for radiometric and trace 
constituent analysis were preserved with nitric acid. 
Groundwater samples for phosphate and nitrate analysis were 
preserved with sulfuric acid. Groundwater samples for routine 
analysis were filtered. 


BARRINGER LABORATORIES INC. 


Energy Fuels 

One Tabor Center 
Suite 2500 
1200-17th Street 
Denver, CO 80202 
ATTN: Bill Almas 


Client No. Log No. 8386 


Sample Type: water 
Hermit sampled: 6/29/1988 


Date Collected: Date Received: 7/13/88 


INORGANIC FINAL 
RESULTS OF ANALYSIS 


Alkalinity and bicarbonate should be separate measurements 


Alkalinity HCO. CO3 
Sample as Caco, as 3 as Caco, 
Identification mg/1 mg/1 mg/1 
CNO17 204 204 <1 
PNO18 173 173 <l 
HRO19 155 155 <1 
KNO20 165 165 <1 
PGO021 200 200 — <l 
Lc022 155 155 <1 
Cd Ca Cr 
Sample Total Total El Total 
Identification mg/1 mg/1 mg/1 mg/1 
CNO17 0.010 46.2 6.3 0.03 
PNO18 0.017 294 15 0.11 
HROWIO9 isi TT 41 0.15 
KNO20 0.014 357 68 0.11 
PGO21 0.025 125 32 0.15 
m0022 Fredonia office 0.014 567 41 0.11 


15000 W. 6TH AVE., SUITE 300 
GOLDEN, COLORADO 80401 
PHONE: (303) 277-1687 


1455 DEMING WAY, SUITE 15 


SPARKS, NEVADA 89431 
PHONE: (702) 358-1158 
Client PO No. 


Date Reported: 8/17/88 


0.015 0.02 
0.015 0.02 
0.014 0.02 
0.015 0.02 
0.014 0.02 
Cu 
Conductance Total 
umho/cm mg/1 
437 <0.01 
2140 0.03 
3210 0.02 
2460 0.03 
1170 0.02 
3210 0.03 


Approved by A>. 
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Energy Fuels 

One Tabor Center 
Suite 2500 
1200-17th St. 
Denver, CO 80202 


ATTN: Bill Almas 


LGN: 8386 
Fe Pb 
Sample F Total Total 
Identification mg/1 mg/1 mg/1 
CNO17 0.34 0.24 0.04 
PNO18 0.89 10.0 0.11 
HRO19 1.39 7.48 0.15 
KNO20 1.10 9.02 0.09 
PGO21 1.59 7.32 0.14 
IC022 1.38 8.76 0.11 
K 
Sample NO3 as N PO Total 
Identification fag/1 mg/1 mg/1 
CNO17 <0.1 <0.01 3.2 
PNO18 <0.1 <0.01 18.9 
HRO19 <0.1 <0.01 24.4 
KNO20 <0.1 <0 .01 18.8 
PGO21 <0.1 <0.01 19.6 
: 10022 <0.1 <0.01 24.1 


Approved by A~ZL 


Barringer Laboratories 
15000 W. 6th Avenue 
Suite 300 

Golden, CO 80401 
(303) 277-1687 


Mg Mn Hg 
Total Total Total 
mg/1 mg/1 mg/1 
31.1 0.04 0.0004 
146 0.55 0.0004 
192 0.11 0.0011 
136 0.12 0.0004 
44.5 0.11 0.0006 
188 0.12 0.0015 
Se Si0, Ag 
Total Total Total 
mg/1 mg/1 mg/1 
0.004 10.0 <0.01 
0.004 10.0 0.01 
0.006 12.8 0.02 
0.005 Lai 0.01 
0.006 12.8 0.02 
0.005 11.3 0.02 
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Energy Fuels 

One Tabor Center 
Suite 2500 
1200-17th St. 
Denver, CO 80202 


ATIN: Bill Almas 


LGN: 8386 
i Na 

Sample Total 
Identification mg/1 
CNO17 6.32 
PNO18 48.1 
HRO19 78.8 
KNO20 108 
PGO21 . 83.9 


1c022 71,3 


RpEnoned By a a. ae 


3480 


2260 


Barringer Laboratories 
15000 W. 6th Avenue 
Suite 300 

Golden, CO 80401 
(303) 277-1687 


Date collected between June 29 - July 13, 1988 
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Barringer Laboratories 
15000 W. 6th Avenue 


Suite 300 
Golden, CO 80401 
(303) 277-1687 


Energy Feuls 

One Tabor Center 
Suite 2500 
1200-17th St. 
Denver, CO 80202 


ATIN: Bill Almas 

LGN: 8386 
QUALITY CONTROL DATA SHEET 

Date: 7/13/88 


Time Received: By: Gina Reichert 


Sample Container Type: large cube, small cube 
Sample Type: water 


Via: Federal Express 


Preservative When Received: 1. HNO, 2. H,SO, 3. as received 4, Zn Acetate 
Additional Lab Preparation: None 

Date(s), of 
Parameter Reference Method LLD Preservative Analyst Analysis 
Barium 1 200.7 5 ug/l 1 D. Hidalgo 7/19/88 
Cadmium 1 200.7 5 ug/l 1 D. Hidalgo 7/19/88 
Calcium 1 200.7 10 yg/1 1 D. Hidalgo 7/19/88 
Chromium i 200.7 10 yg/l 1 D. Hidalgo 7/19/88 
Copper 1 200.7 10 yg/1 1 D. Hidalgo 7/i9/88 
Iron 1 200.7 10 yg/1 i D. Hidalgo 7/19/88 
Lead 1 200.7 5 ug/l 1 D. Hidalgo 7/19/88 
Magensium 1 200.7 10 yg/1 1 D. Hidalgo «7/19/88 
Manganese 1 200.7 3 g/l 1 D. Hidalgo 7/19/88 
Silver 1 200.7 5 ug/l 1 D. Hidalgo 7/19/88 
Potassium hss 200.7 10 yg/1 1 D. Hidalgo =—«_ 7/19/88 
Silica 1 200.7 10 yg/1 1 D. Hidalgo 7/19/88 
Arsenic i 206 .2 1 ug/l 1 T. Carr 7/18/88 
Fluoride 1 340.2 0.1 mg/1 3 A. Knduson 7/18/88 
Mercury 1 245.1 0.2 ug/l 1 G. Gilleland 7/19/88 
Selenium 1 270.2 2 ug/1 1 G. Gilleland 7/20/88 
Nitrate 1 353.1 0.1 m/1 2 D. Hobbs 7/21/88 
Conductance 1 120.1 0.1 umhos/cm 3 J. Hageman 7/25/88 
Chloride 1 325.3 0.2 mg/l S D. Hobbs 7/26/88 
Alkalinity 1 310.1 0.5 mg/l 3 A. Knduson _— 8/3/88 
Phosphate 1 365.1 0.01 mg/1 3 D. Hobbs 8/10/88 
Sodium 1 200.7. 0.01 ug/l 1 D,. Hidalgo 7/19/88 
Zinc 1 200.7 5 ug/l 1 D. Hidalgo «7/19/88 
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Barringer Laboratories 
15000 W. 6th Avenue 
Suite 300 

Golden, CO 80401 
(303) 277-1687 


Energy Fuels 

One Tabor Center 
Suite 2500 
1200-17th St. 
Denver, CO 80202 


ATIN: Bill Almas 


LGN: 8386 
QUALITY CONTROL DATA SHEET (cont'd) 
Date(s) of 
Parameter Reference Method LLD Preservative Analyst Analysis 
Total Dissolved 
Solids 1 160.1 10 mg/1 3 J. Hageman 7/20/88 
Sulfate a 31943 0.1 mg/1 3 J. Hageman 7/20/88 
This is a mixture of different mines’ groundwater for different elements 
DUPLICATES 
Sample Relative Deviation 
Identification Parameter Result Result From Mean 
CNO17 Canyon Mine Barium 0.10 0.10 0.0% 
CNO17 Cadmium 0.010 <0.005 --- 
CNO17 Calcium 46.2 46.4 0.4% 
CNO17 Chromium 0.03 0.03 0.0% 
CNO17 Copper <0.01 <9.01 0.0% 
CNO17 Iron 0.24 0.23 4.2% 
CNO17 Lead 0.04 0.04 0.0% 
CN017 Magnesium S11 ti; 31.2 0.3% 
CNO17 Manganese 0.04 0.04 0.0% 
CNO17 Silver <0.01 <0.01 0.0% 
CNO17 Potassium a 3.1 3.1% 
CNO17 Silica 10.0 10.1 1.0% 
CNO17 Arsenic <0.001 ~  <0.001 0.0% 
PGO21 Pigeon Fluroide 1.59 1.59 0.0% 
HRO19 = Hermit Mercury 0.0011 0.0010 9.0% 
PNO18 Pinenut Selenium 0.004 0.004 0.0% 
1C022 Fredonia office Nitrate <0.1 <0.1 0.0% 
PNO18 Conductance — 2110 2170 2.8% 
Lco22_~—O Chloride 41 41 0.0% 
LC022 Alkalinity 155 155 0.0% 
LC022 Phosphate <0.1 <9.1 0.0% 
CNO17 Sodium 6.32 6 .36 0.6% 
Approved by At... 3 AL pg. 2 of 4 


Barringer Laboratories 
15000 W. 6th Avenue 
Suite 300 

Golden, CO 80401 

(303) 277-1687 


Energy Fuels 

One Tabor Center 
Suite 2500 
1200-17th St. 
Denver, CO 80202 


ATIN: Bill Almas 


LGN: 8386 
QUALITY CONTROL DATA SHEET (cont'd) 
DUPLICATES (cont'd) 

Sample Relative Deviation 
Identification Parameter Result Result From Mean 
CNO17 Zinc 0.570 0.548 3.8% 

HRO19 Sulfate 2250 2220 1.3% 


These may be results from spiked 


QUALITY CONTROL STANDARDS sample test, see pages 1,009 -1,011 


No sample ID 


Acceptable Relative Deviation 
Parameter Result Certified Result Target Range From Known 
Barium 0.98 0.97 0.82 - 1.12 1.0% 
Cadmium 0.209 0.200 0.170 - 0.230 4 5% 
Calcium 1.99 2.00.- 1.70 - 2.30 0.5% 
Chromium 0.196 0.200- 0.170 — 0.230 2.0% 
Copper 0.201 0.200 0.170 - 0.230 0.5% 
Iron 0.212 0.200 0.170 - 0.230 6.0% 
Lead 0.191 0.200 0.170 -— 0.230 4.5% 
Magnesium 0.203 0.200 0.170 - 0.230 1.5% 
Manganese 0.201 0.200 0..170 - 0.230 0.5% 
Silver 0.87 0.99 0.84 - 1.14 12 .0% 
Potassium 10.6 10.0 8.5 - 11.5 6.0% 
Silica 1.03 1.07 0.91 -11.23 4.0% 
Arsenic 0.103 0.100 ° 0,080 - 0.118 2.9% 
Fluoride 0.50 0.50 22.3 - 28.7 0.0% 
Mercury 0.0013 0.0016 -0,0011 - 0,0021 — 20.0% 
Selenium 0.010 0.009 0.006 - 0.012 10 .0% 
Nitrate 2.0. 1.98 1.78 - 2.18 1.0% 
Chloride 25.5 25.85 22.3 - 28.7 1.4% 
Phosphate 0.48 0.50 .0,46 - 0,54 4.1% 


Approved by Ah 
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Energy Fuels 

One Tabor Center 
Suite 2500 
1200-17th St. 
Denver, CO 80202 


ATIN: Bill Almas 


Barringer Laboratories 
15000 W. 6th Avenue 
Suite 300 

Golden, CO 80401 
(303) 277-1687 


LGN: 8386 
QUALITY CONTROL DATA SHEET (cont'd) 
QUALITY CONTROL STANDARDS (cént'd) 
No 
I 
rida Acceptable Relative Deviation 
Parameter Result Certified Result Target Range Fram Known 
Sodium 0.87 0.86 0.73 - 0.99 1.0% 
Zinc 0.193 0.200 0.170 - 0,230 3.6% 
Total Dissolved 
Solids 1472 | 1479 1331 - 1627 0.4% 
Sulfate 1049 1000 900 — 1100 4.7% 


Spike % 
Parameter Recovery 
Cadmium 102 
Chromium 97 
Copper 97 
Iron 101 
Lead 107 
Manganese 93 
Arsenic 88 
Fluoride 95 
Mercury 108 
Selenium 98 
Nitrate 97 


Approved by A2ts 


These may be results 
from spiked sample test, 
see pages 1,109 -1,111 
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15000 W. 6TH AVE., SUITE 300 
GOLDEN, COLORADO 80401 


PHONE: (303) 277-1687 
BARRINGER LABORATORIES INC. as tvetas wee. Saket 
- SPARKS, NEVADA 89431 
PHONE: (702) 358-1158 
Energy Fuels 
One Tabor Center 
Suite 2500 
1200-17th St. 
Denver, CO 80202 
ATTN: Bill Almas 
Client No. Log No. 8386 Client PO No. 
Sample Type: water 
Date Collected: Date Received: 7/13/88 Date Reported: 8/10/88 
RADIOCHEMISTRY FINAL 
RESULTS OF ANALYSIS ** 
Gross Alpha Gross Beta Ra-226 
Total Total Total 
Sample pci/1 pci/1 pci/1 
Identification +Precision* +Precision* +Precision* 
CNO17 18 + 4 8.0 + 1.5 2.2 + 0.5 
PNO18 54 +17 38 +7 12 +1 
HRO19 How is gross beta higher than 0 + 16 27 + 10 2.6+0.6 How is Ra-226 alpha greater 
KNO20 gross alpha? 10 + 13 19 * 7 1.0 4 0.4 than gross alpha? 
PGO21 11+7 21 + 3 2.7 + 0.6 
1C022 12 + 18 25 +9 2.6 + 0.6 
Th-230 
Total U 
Sample pci/1 Total 
Identification +Precision* mg/1 
CNO17 0.4 + 0.6 0.0178 
PNO18 0.9 + 0.7 0.0101 The method that Barringer Labs used could 
HRO19 0.7 + 0.7 0.0025 only measure a lowest limit of 0.005 mg/L. 
KNO20 0.6 + 0.6 0.0019 These results are below the lowest 
PGO21 0.0 + 0.4 0.0033 detection limit and more precise than could 
Ic022 0.0 + 0.5 0.0028 have been measured 


* Variability of the radioactive disintegration process 
(counting error) at the 95% confidence level, 20 
** Inorganic results to follow at a later date 


~ ¢ ( -—_— Note location of signature line to line on page 258 
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Barringer Laboratories 
15000 W. 6th Avenue 
Suite 300 

Golden, CO 80401 
(303) 277-1687 


Energy Fuels 

One Tabor Center 
Suite 2500 
1200-17th St. 
Denver, CO 80202 
ATTN: Bill Almas 
LGN: 8386 


QUALITY CONTROL DATA SHEET 


Time Received: Date: 7/13/88 By: Gina Reichert Via: Federal Express 


Sample Container Type: large cube, small cube 
Sample Type: water 


Preservative When Received: 1. HNO, 2. H,SO, 3. as received 4. Zn Acetate 


Additional Lab Preparation: none 


Date(s) of 
Parameter Reference LLD Preservative Analyst Analysis 
Alpha-Beta 4 1.0,;2.0 pci/l 3 Ortiz & Kidwell 7/14-7/21/88 


Radium 226 4,7 0.2 pci/l 3 Howard, Goodale, 

Kidwell & Garcia 7/26-7/29/88 

Ortiz & Taylor = 7/15-7/28/88 
B. Tonning 7/22-7/25/88 


Thorium 230 11 0.2 pci/l 
Uranium 9,10 0.2 pci/l 


Www 


QUALITY CONTROL STANDARDS 


Certified Acceptable Relative Deviation Spike % 
Parameter Result Result Target Range Fran Known Recovery 
Gross Alpha 193 + 4 198 178 — 218 2.6% — 
Gross Beta 178 + 2 175 157 - 193 1.7% -——- 
Radium 226 109 + 3 101 96 - 106 8.0% es 
Thorium 230 100 + 3 99 94 - 104 1.0% —— 
Uranium 34 34 32 - 36 0.0% 101 


How is Ra-226 alpha higher than for U? 34 pCi/L correlates to ~50 ppb of U 


How is Th-230 alpha so high? It should be the lowest 
Sum of Ra-226, Th-230 & U = 243 pCi/L, how is this higher than the gross alpha? 


peproved by “Ted 
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Inter-Office Memorandum 


August 22, 1988 


TOS FILE 


4 
THRU: Gary Ullinskey, Program supercisor LM 
Groundwater Permits New Facilities TEam 


Skip Hellerud, Manager 
Water Permits Unit 


FROM: Miguel A. Santiago, EHS II he ' 


Groundwater Permits New Facilities Team 


RE: Groundwater Quality Protection Permits 
G-0036-08 Pinenut Mine 
G-0035-08 Hermit Mine 
Minor Modifications 


By means of a letter dated July 19, 1988, Mr. Rich A. Munson, Corporate 
Counsel for Energy Fuels Nuclear, Inc., has requested a modification to 
the above-referenced permits. Both facilities are still in the pre-.- 
mining phase, where ambient groundwater characteristics are to be deter- 
mined according to the analytical results of groundwater monitoring. 
Analytical reports for groundwater samples taken during the second 
calendar quarter of 1988 for the mines show that the ambient water 
quality for some parameters exceeds the alert levels and MGL's estab- 
lished in the permits. 


Energy Fuels Nuclear states that since the mines are still in the devel- 
opment phase, it is apparent that the established alert levels and MGL's 
have been set at levels higher than ambient groundwater quality, and 
therefore request that these established parameters be reserved and re- 
established on the basis of on-going monitoring. 


The State Permits Hydrology Unit recommends that all the alert levels 
and MGL's listed in each permit should be labeled as "reserved" until 
the statistical analysis of the pre-mining (ambient water) analytical 
results has been completed (see attached memo from Hydrology). 


Attached are copies of Part II.2.a, and b which are.the same for both 
permits, showing the current alert levels and MGL's. All the alert. 
levels and MGL's will be labeled as Reserved in the modified permit. 


MAS :mdm 


Attachments 
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ARIZUinA DEPARTMENT OF ENVIRONMENTAL QUALITY 


Inter-Office Memorandum 
DATE: August 8, 1988 


H-4515.171 


TU? Miguel Santiago 
Water Permits Unit 


THRU: Debra Daniel, Manager fL4 
State Permits Hydrology Unit 


FROM: Michael Leach, Hydrologist Mbe 
State Permits Hydrology Unit 


RE: Hermit and Pinenut Uranium Mines 


Part II1.B.1.a of the signed Groundwater Quality Protection Permit for each of 
the above referenced facilities states that groundwater quality data obtained 
during pre-mining activities (present stage at both facilities) will be used 
to determine the ambient groundwater characteristics and establish Alert Levels 
and Maximum Groundwater Limits (MGL's). Many of the Alert Levels and MGL's 
given in the list of parameters for groundwater sampling do list Alert Levels 
and MGL's as being "reserved", or to be determined at a later date after stat- 
istical analysis of previous groundwater sampling results has been completed. 
However, many parameters are not based on ambient groundwater quality and have 
Alert Levels and MGL's listed in the permits according to existing groundwater 
quality standards. This is in disagreement with Part II1.B.2.b.(1). of each 
permit which states that for chemical parameters that already have groundwater 
quality standards established by a federal or state regulatory agency there 
are two situations which may occur: 


iP If the arithmetic mean plus two standard deviations of concentrations 
of a parameter obtained from groundwater samples during the pre- 
mining period do not exceed the established standards, then the MGL 
(from which the Alert Level will be obtained) shall be the establish- 
ed standard. 


as If the arithmetic mean plus two standard deviations of concentrations 
of a parameter exceeds the established standard, then the MGL shall 
be the arithmetic mean plus two standard deviations. 


Since it is uncertain whether or not a certain chemical parameter will naturally 
exceed its established drinking water standard before all of the ambient water 
quality data has been collected, all of the Alert Levels and MGL's listed in 
each permit should be labeled as "reserved" until the statistical analysis has 
been completed on the ambient water quality data. 
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H-4515.171 
ARIZONA DEPARTMENT OF ENVIRONMENTAL QUALITY 


Inter-Office Memorandum 
DATE: August 8, 1988 


TO: Miguel Santiago 
Water Permits Unit 


THRU: Debra Daniel, Manager oP 


State Permits Hydrology Unit 


FROM: Michael Leach, Hydrologist MDL 
State Permits Hydrology Unit 


RE: Hermit and Pinenut Uranium Mines 


Part II.B.1.a of the signed Groundwater Quality Protection Permit for each of 
the above referenced facilities states that groundwater quality data obtained 
during pre-mining activities (present stage at both facilities) will be used 
to determine the ambient groundwater characteristics and establish Alert Levels 
and Maximum Groundwater Limits (MGL's). Many of the Alert Levels and MGL's 
given in the list of parameters for groundwater sampling do list Alert Levels 
and MGL's as being "reserved", or to be determined at a later date after stat- 
istical analysis of previous groundwater sampling results has been completed. 
However, many parameters are not based on ambient groundwater quality and have 
Alert Levels and MGL's listed in the permits according to existing groundwater 
quality standards. This is in disagreement with Part II.B.2.b.(1). of each 
permit which states that for chemical parameters that already have groundwater 
quality standards established by a federal or state regulatory agency there 
are two situations which may occur: 


1. If the arithmetic mean plus two standard deviations of concentrations 
of a parameter obtained from groundwater samples during the pre- 
mining period do not exceed the established standards, then the MGL 
(from which the Alert Level will be obtained) shall be the establish- 
ed standard. 


ae If the arithmetic mean plus two standard deviations of concentrations 
of a parameter exceeds the established standard, then the MGL shall 
be the arithmetic mean plus two standard deviations. 


Since it is uncertain whether or not a certain chemical parameter will naturally 
exceed its established drinking water standard before all of the ambient water 
quality data has been collected, all of the Alert Levels and MGL's listed in 
each permit should be labeled as "reserved" until the statistical analysis has 
been completed on the ambient water quality data. 
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carboniess POLY PAK (50 SETS) 4P472 


energy fuels nuclear, inc. 


303) 623-8317 
one tabor center * suite 2500 ae goes 
1200 seventeenth street * denver, colorado 80202 k 


July 19, 1988 


Mr. Miguel A. Santiago 

Water Permits Unit 

Office of Water Quality 

Arizona Department of Environmental Quality 
Central Palm Plaza Building 

2005 North Central Avenue 

Phoenix, Arizona 85004 


Re: Hermit Mine and Pinenut Mine Groundwater Analysis 


Dear Mr. Santiago: 


Enclosed herewith please find analytical reports for 
groundwater samples taken during the second calendar quarter of 
1988 for the Hermit Mine, Groundwater Permit No. G-0035-08, and 
the Pinenut Mine, Groundwater Permit No. G-0036-08. 


Please note that the analytical results show that the ambient 
water quality for some parameters exceeds the Alert Levels and 
Maximum Groundwater Limits established in the permits for the 
Hermit and Pinenut Mines. Specifically, we would call your 
attention to the Alert Levels and Maximum Groundwater Limits for 
Manganese, Iron, Gross Alpha, Gross Beta, and the Maximum 
Groundwater Limit for Chromium. 


Because Energy Fuels is still in the development phase of 
operations at these sites and, therefore, could not have affected 
groundwater quality at this early stage, if is apparent that 
Alert Levels have been set at levels higher than existing water 
quality. Accordingly, we request that the Groundwater Permits be 
modified to provide that these parameters be "Reserved" and 
established in the same manner as those other parameters to be 
established on the basis of ongoing monitoring. We believe that 
such a modification would be a minor modification to the permits 
as we are only correcting a provision of the existing permits to 
allow the permittee to better comply with the purpose of Phase I 
monitoring, i.e., to determine ambient groundwater 
characteristics. 


Just sinking the mineshaft and exploration 
drilling can affect the groundwater 
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Mr. Miguel A. Santiago 
July 19, 1988 
Page 2 


If I can provide any further information, please contact me 
at your convenience. 


Sincerely, 


C Kath Vl pisses 


Rich A. Munson 
Corporate Counsel 


/ram 
Encs. 


VIA FEDERAL EXPRESS 
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15000 W. 6TH AVE., SUITE 300 
GOLDEN, COLORADO 80401 


PHONE: (303) 277-1687 
BARRINGER LABORATORIES INC. 1455 DEMING WAY, SUITE 15 
SPARKS, NEVADA 89431 
PHONE: (702) 358-1158 
Energy Fules Nuclear 
One Tabor Center 
1200-17th St. 
Suite 2500 
Denver, CO 80202 
ATIN: Rich Munson ~ 
Client No. Log No. 8106 Client PO No, 
Sample Type: water 
Date Collected: 4/28-4/29/88 Date Received: 5/2/88 Date Reported: 6/28/88 
carbonate and bicarbonate are not the same measurement 
Alkalinity “ HCO CO3 As 
Sample as CaCO as catio as CaCO NH, as N Total 
a : 3 3 3 4 
Identification mg/1 mg/1 mg/1 mig /1 mg/1 
HRO12 159 159 <1 <0,1 0.013 
PNO11 183 183 <1 <0.1 0.003 
Ba Ca Ca Cr 
Sample Total Total Total Cl Total Conductance 
Identification mg/1 mg/1 mg/1 mg/1 mg/1 umho/cm 
HRO12 0.01 <0.005 585 43 0,10 3430 
PNO11 0.01 <0.005 282 16 0,07 2170 
Cu Fe Pb Mg Mn 
Sample Total F Total Total Total Total 
Identification mg/1 mg/1 mg/1 mg/1 mg/1 mg/1 
HRO12 0.01 1.47 4.03 <0.02 183 0.06 
PNO11 0.01 0.91 3.42 <0.02 136 0.32 


Approved by ri ou. 
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15000 W. 6TH AVE., SUITE 300 
GOLDEN, COLORADO 80401 


PHONE: (303) 277-1687 
BARRINGER LABORATORIES INC. 1455 DEMING WAY, SUITE 15 
SPARKS, NEVADA 89431 
PHONE: (702) 358-1158 
Energy Fuels Nuclear 
One Tabor Center 
1200-17th St. 
Suite 2500 
Denver, CO 80202 
ATIN: Rich Munson 
LGN: 8106 
Hg K Se 
Sample Total NO, as N pH PO Total Total 
Identification mg/1 mg/1 units mg/1 mg/1 mg/1 
HRO12 0.0011 0.7 8.02 <0.1 25.3 0.009 
PNO11 0.0012 0.1 3.17 .1 19.0 0.007 
Ag Na zn 
Sample SiO Total Total TDS TSS so Total 
Identification mg7l mg/l mg/l mg/1 mg/1 mg/l mg/1 
HRO12 13.6 0.01 70.1 3500 18 2230 <0.005 
PNO11 Li. 7 0.01 46.4 1970 14 1210 0.011 
Gross Alpha Gross Beta Pb-210 
Total Total Total 
Sample pci/1 pci/1 pci/l 
Identification +Precision* +Precision* +Precision* 
HRO12 0 +19 31 +12 0.5 + 0.9 
PNO11 22 +14 26 + 8 0.4 + 0.7 
How is gross alpha 0 but beta is 31? 
How is the Gross Alpha less than the 
Ra-226 measurement? 
* Variability of the radioactive disintegration process 
(counting error) at the 95% confidence level, 26 
Approved by Ai >34 
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15000 W. 6TH AVE., SUITE 300 
GOLDEN, COLORADO 80401 


SARA ITI TEIN. 
. 


PHONE: (303) 277-1687 
( BARRINGER LABORATORIES INC. 1455 DEMING WAY, SUITE 15 
5 SPARKS, NEVADA 89431 
| PHONE: (702) 358-1158 
t 
Energy Fuels 
Qne Tabor Center 
4 1200 - 17th St. 
i Suite 2500 
; Denver, CO 80202 
i ATIN:Rich Munson 
; LGN: 8106 
i Po-210 Ra-226 Ra-228 
; Total Total Total 
3 Sample pci/1 pci/1l pci/1 
; Identification +Precision* +Precision* +Precision* 
HRO12 0.8 + 0.5 3.5 + 0.7 0.0 + 0.7 
; PNO11 0.4 + 0.4 10 +1 0.5 + 0.8 
Th-230 
Total U 
3 Sample pois. Total 
i Identification +Precision* mg/1 
j Barringer Labs did not have the capacity to 
: HRO12 0.0 + 0.3 0.0025 measure a U concentration this low 
i PNO11 0.5 £ 0.5 0.0096 
3 
i 
i 
j * Variability of the radioactive disintegration process 
(counting error) at the 95% confidence level, 20 


re | 
Approved by Pia a 2 me 3 of 3 
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Energy Fuels Nuclear 
One Tabor Center 
1200 - 17th St. 
Suite 2500 

Denver, CO 80202 


ATIN: Rich Munson 


LGN: 8106 


Time Received: 


Sample Container Type: 
Sample Type: water 


Preservative When Received: 


Parameter 
Fluoride 


Conductance 
Chloride 


Ammonia 


5 
=) 
PREP RPE RP RP RP PRP PRP BPP HEPP PPP PHP H 


a 
& 
ke 


200.7ICP-AES 
emmission spectrometry 


Reference 


BARRINGER LABORATORIES INC. 


QUALITY CONTROL DATA SHEET 


Date: 5/2/88 


By: Gina Reichert 


large cube, small cube 


Method 


340.2 
120.0 
325.63 
270 «2 
565.1 
150.1 
310.1 
200.7 
200.7 
200.7 
200.7 
200.7 
200.7 
200.7 
200.7 
200.7 
200.7 
350.1 
245.1 
206 .2 
200.7 
200.7 
200.7 
200.7 


160.2 


Be Eh SO, 3. as received 


3 2 
Text Date(s) of 
LLD Preservative Analyst Analysis 
5 mg/l 3 A. Knudson ’- 5/16/88 
0.1 mhos/cm 3 P. Huebner 5/16/88 
0.2 mg/l 3 D. Hobbs 5/16/88 
2 ug/l 1 tT. Carr 5/13/88 
0.01 mg/l 3 D. Hobbs 5/17/88 
0.01 units 3 P. Huebner 5/17/88 
0.5 mg/l 3 P. Huebner 5/17/88 
5 ug/l a J. Hageman 5/18/88 
5 yg/1 1 J. Hageman 5/18/88 
10 ug/l 1 J. Hageman 5/18/88 
10 ug/l 1 J. Hageman 5/18/88 
10 ug/l 1 J. Hageman 5/18/88 
10 yg/1 1 J. Hageman 5/18/88 
5 yg/l a J. Hageman 5/18/88 
10 ug/l ut J. Hageman 5/18/88 
3 ug/l 1 J. Hageman 5/18/88 
10 ug/l 1 J. Hageman 5/18/88 
0.1 mg/l 3 D. Hobbs 5/3/88 
0.2 yg/l 1 G. Gilleland 5/12/88 
1 ug/l 1 T. Carr 5/23/88 
10 ug/l 1 J. Hageman 5/23/88 
5 pg/1 i J. Hageman 5/18/88 
0.01 ug/l Ht J. Hageman 5/18/88 
5 ug/l 1 J. Hageman 5/18/88 
4 mg/1 3 R. Lovell 5/17/88 


>-| 
Approved by —- 
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15000 W. 6TH AVE., SUITE 300 
GOLDEN, COLORADO 80401 
PHONE: (303) 277-1687 


1455 DEMING WAY, SUITE 15 
SPARKS, NEVADA 89431 
PHONE: (702) 358-1158 


Via: Airplane 
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BARRINGER LABORATORIES INC. 


Energy Fuels Nuclear 
One Tabor Center 
1200 - 17th St. 


Suite 2500 
Denver, CO 80202 
ATIN: Rich Munson 
LGN: 8106 
QUALITY CONTROL DATA SHEET (cont'd) 

Parameter Reference Method LLD Preservative 
Total Dissolved 

Solids 1 160.1 10 mg/1 3 
Sulfate 1 375.3 0.1 mg/l 3 
Alpha-Beta 4 1,.0,2.0 pers. 3 
Lead 210 5 1.0 pci/i 3 
Polonium 210 6 1.0 pci/l 3 
Radium 226 4,7 0.2 pCi/L 3 
Radium 228 12,13 ,L4 0.9 pCi/L 3 
Thorium 230 11 0.2 pCi/L 3 
Uranium 9,10 0.2 peL/L 3 

DUPLICATES 
Sample 

Identification Parameter Result Result 
HRO12 Fluoride 1.49 1.49 
HRO12 Conductance 3370 3480 
PNO11 = Pinenut Chloride 16 16 
HRO12 Selenium 0.009 0.008 
PNO11 Phosphate <0.1 <0.1 
HRO12 pH 7.99 8.04 
HRO12 Alkalinity 159 159 
PNO11 Ammonia <0.1 <0.1 
HRO12 Silver <0.01 <0.01 
HRO12 Sodium 0.23 0.24 
HRO12 Zinc 0.011 0.011 
HRO12 Total Dissolved Solids 3510 3500 
HRO12 Total Suspended Solids 17 19 
HRO12 Sulfate 2230 2230 
Approved by 


15000 W. 6TH AVE., SUITE 300 


GOLDEN, 
PHONE: 


COLORADO 80401 
(303) 277-1687 


1455 DEMING WAY, SUITE 15 


SPARKS, N 
PHONF: 


Analyst 


R. Lovell 
R. Lovell 
J. Ortiz 
M. Kidwell 
J; Ortiz 
M. Howard 
K. Goodale 


Taylor & Ortiz 


B. Tonning 


EVADA 89431 
(702) 358-1158 


Date(s) of 
Analysis 


5/19/88 
5/19/88 
5/13-5/23/88 
5/9-5/25/88 
5/11-5/12/88 
5/9-5/18/88 
5/17-5/27/88 
5/11-5/16/88 
5/10-5/12/88 


Relative Deviation 
From Mean 


i. 


1 
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3.4% 
3.2% 
0.0% 
1.0% 
0.0% 
0.63 
0.0% 
0.0% 
0.0% 
4.3% 
0.0% 
0.4% 
1.0% 
0.0% 
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15000 W. 6TH AVE., SUITE 300 
GOLDEN, COLORADO 80401 
PHONE: (303) 277-1687 


BARRINGER LABORATORIES INC. 15 DEMING WAY, SUITE 18 


SPARKS, NEVADA 89431 
PHONE: (702) 358-1158 


Energy Fuels Nuclear 
One Tabor Center 
1200 - 17th St. 
Suite 2500 


Den 80202 
ek 2 Uranium is the highest alpha decay - it is not possible to have these high of Ra 


226, Ra 228 and Th 230 and only have 34 pCi/L of U. But these uranium results 
are just a copy of the Lab Accuracy results for Barringer Labs and the value is 
for dissolved U concentration in ppb, not U alpha decay 


ATIN: Rich Munson 


LGN: 8106 
; QUALITY CONTROL DATA SHEET (cont'd) These are the 
| spiked Lab 
=a QUALITY CONTROL STANDARDS viral 
i sample Pere ~ 
ID Certified Acceptable Relative Deviation Spike % 
{ Parameter Result Result Target Range From Known Recovery 
} 
Fluoride 0.51 0.50 0.45 - 0.55 2.0% 102 
; Chloride 26.5 25.85 22.3 - 28.7 2.4% 98 
i Selenium 0.009 0.009 0.006 - 0.012 0.0% 104 
Phosphate 0.47 0.50 0.46 - 0.54 6.2% --- 
{ Barium 0.98 0.97 0.82 - 1.12 1.03% 97 
Cadmium 0.098 0.094 0.080 - 0.108 4.0% 103 
j Calcium 250 250 214 - 288 0.0% 101 
i Chromium 0.100 0.103 0.088 - 0.118 3.08 103 
Copper 0.105 0.103 0.088 - 0.118 2.03% 102 
Iron 0.096 0.102 0.087 -— 0.117 6.0% 110 
Lead 0.106 0.101 0.086 — 0.116 5.0% 105 
Magensium 0.103 0.100 0.085 - 0.115 3.03 97 
Manganese 0.104 10.02 0.087 - 0.117 2.0% 105 
Potassium 9.84 10.0 8.5 = 11.5 1.6% 103 
Ammonia 2.00 1.98 1.78 — 2.18 1.0% 97 
Merucry 0.005 0.005 0.003 - 0.006 0.0% 75 
| Arsenic 0.099 0.100 0.080 - 0.118 1.0% 80 
Silica 1.20 1.07 0.91 - 1.23 13.0% 119 
Silver 0.97 0.99 0.84 - 1.14 2.0% 98 
Sodium 0.80 0.86 0.73 ~- 0.99 6.0% 92 
Zinc 0.106 0.101 0.086 - 0.116 5.0% 114 
Total Dissolved 
Solids 1479 1479 1331 - 1627 0.0% -—- 
, Sulfate 1030 3.03 
: Gross Alpha 198 + 6 MCL= 20 pCi/L 0.0% 
Gross Beta 108 + 2 3.7% 
>) Lead 210 112.4 1 0.0% Same results 
‘Polonium 210 109 2.7% as page 283 
Radium 226 104 + 3.03 
Radium 228 40 + 0.0% 
Thorium 230 97+ 21% 
Uranium 3 34 ppbnotpCi/L 32 — 36 MCL=30 ppb 5.9% 


~\~ 
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15000 W. 6TH AVE., SUITE 300 
GOLDEN, COLORADO 80401 
PHONE: (303) 277-1687 


BARRINGER LABORATORIES INC. 1455 DEMING WAY, SUITE 15 


SPARKS, NEVADA 89431 
PHONE: (702) 358-1158 


Energy Fuels 

One Tabor Center 
1200-17th St. 
Suite 2500 
Denver, CO 80202 


ATTN: Rich Munson 
Client No. Log No. 8106 Client PO No, 


Sample Type: water Canyon Mine 


Date Collected: 4/28-4/29/88 Date Received: 5/2/88 Date Reported: 6/28/88 
Alkalinity HCO CO, As 
Sample as Caco. as Ca 03 as Caco, NH, as N Total 
Identification mg/1 mg/1 mg/1 mg/1 mg/1 
CNO013 216 208 8.2 <0.1 <0.001 
Ba cd Ca cr 
Sample Total Total Total Cl Total Conductance 
Identification mg/1 mg/1 mg/1 mg/1 mg/1 umho/cm 
CN013 0.10 <0.005 44.4 7.0 0.03 435 
Cu Fe Pb Mg © Mn Hg 
Sample Total F Total Total Total Total Total 
Identification mg/1 mg/1 mg/1 mg/1 mg/1 mg/1 mg/1 
CN013 <0.01 0.36 0,25 <0.02 30.4 0.04 0,0014 
K Se Ag 
Sample NO, as N pH PO Total Total SiO Total 
Identification fig/1 units m/f mg/l mf 2 malt mg/l 
CN013 se 8.52 “0.1. 2.46 0.003 11.4 <0.01 
Approved by HY 2) 
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BARRINGER LABORATORIES INC. 


Energy Fuels 

One Tabor Center 
1200 - 17th St. 
Suite 2500 
Denver, CO 80202 


ATIN: Rich Munson 


LGN: 8106 
Na 
Sample Total TDS 
Identification mg/1 mg/1 
CNO013 5.64 214 
Gross Alpha 
Total 
Sample pci/l 
Identification +Precision* 
CNO013 1645 
Ra-228 
Total 
Sample pci/l 
Identification +Precision* 
CNO13 0.2 # 1.2 


TSS 


mg/l  mg/t 


<A 


Gross Beta 
Total 


pCi/1 


+Precision* 


5.9 £ 2.0 


Th-230 
Total 
pCi/1 


+Precision* 


0.1 + 0.4 


15000 W. 6TH AVE., SUITE 300 
GOLDEN, COLORADO 80401 
PHONE: (303) 277-1687 


1455 DEMING WAY, SUITE 15 


SPARKS, NEVADA 89431 
PHONE: (702) 358-1158 
Pb-210 
an Total 
Total pci/1l 
mg/1 +Precision* 
0.035 0.0 £ 0.7 
Po-210 Ra-226 
Total Total 
pci/l pci/1 
+Precision* +Precision* 
0.9 + 0.5 1.7 + 0.5 
U 
Total 
mg/1 
0.0175 


* Variability of the radioactive disintegration process 
(counting error) at the 95% confidence level, 20 


Approved by w.. = 
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15000 W. 6TH AVE., SUITE 300 
GOLDEN, COLORADO 80401 
PHONE: (303) 277-1687 


BARRINGER LABORATORIES INC. MSS DEMING WAY, SUITE 18 


SPARKS, NEVADA 89431 
PHONE: (702) 358-1158 


Energy Fuels 

One Tabor Center 
1200 - 17th St. 
Suite 2500 
Denver, CO 80202 


ATIN: Rich Munson 
LGN: 8106 
QUALITY CONTROL DATA SHEET 
Time Received: Date: 5/2/88 By: Gina Reichert Via: Airplane 


Sample Container Type: large cube, small cube 
Sample Type: water 


Preservative When Received: l. HNO 3 2% H,SO, 3. as received 


Additional Lab Preparation: None 


Date(s) of 
Parameter Reference Method LLD Preservative Analyst Analysis 
Fluoride 1 340.2 0.1 mg/l 3 A. Knudson 5/16/88 
Conductance 1 120.0 0.1 umhos/cm 3 P. Huebner 5/16/88 
Chloride 1 3253 0.2 mg/l 3 D. Hobbs 5/16/88 
Selenium 1 270.2 2 ug/l 1 T. Carr 5/13/88 
Phosphate 1 365.1 0.01 mg/l 3 D. Hobbs 5/17/88 
pH 1 150.1 0.01 units 3 P. Huebner 5/17/88 
Alkalinity 1 310.1 0.5 mg/l a P. Huebner 5/17/88 
‘ Barium 1 200.7 5 yg/1 1 J. Hageman 5/18/88 
i Cadmium 1 200.7 5 pg/1 1 J. Hageman 5/18/88 
4 Calcium 1 200.7 10 yg/l 1 J. Hageman 5/18/88 
: Chromium 1 200.7 10 ug/l 1 J. Hageman 5/18/88 
4 Copper 1 200.7 10 yg/l 1 J. Hageman 5/18/88 
4 Iron 1 200.7 10 g/l i J. Hageman 5/18/88 
4 Lead 1 200.7 5 yg/l 1 J. Hageman 5/18/88 
% Magensium 1 200.7 10 yg/1 1 J. Hageman 5/18/88 
; . Manganese 1 200.7 3 ug/l 1 J. Hageman 5/18/88 
4 Potassium 1 200.7 10 yg/1 1 J. Hageman 5/18/88 
4 Ammonia - 350.1 0.1 mg/1 3 D. Hobbs. - 5/3/88 
| Mercury 1 245.1 0.2 ug/l 1 G. Gilleland 5/12/88 
; Arsenic 1 206.2 1 ug/l 1 T. Carr 5/23/88 
Silica 1 200.7 10 ug/l 1 J. Hageman 5/23/88 
Silver 1 200.7 5 ug/l 1 J. Hageman 5/18/88 
Sodium 1 200.7 0.01 yg/l i J. Hageman 5/18/88 
Zinc Z 200.7 5 ug/l 1 J. Hageman 5/18/88 


a 
Approved by Fas Sule ; 
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15000 W. 6TH AVE., SUITE 300 
GOLDEN, COLORADO 80401 
PHONE: (303) 277-1687 


BARRINGER LABORATORIES INC. 155 DEMING WAY, SUITE 15 


SPARKS, NEVADA 89431 
PHONE: (702) 358-1158 


Energy Fuels 

One Tabor Center 
1200 - 17th St. 
Suite 2500 
Denver, CO 80202 


ATIN: Rich Munson 


LGN: 8106 
QUALITY CONTROL DATA SHEET (cont'd) 
Date(s) of 
Parameter Reference Method LLD Preservative Analyst Analysis 
Total Suspended 
Solids 1 160.2 4 mg/1 3 R. Lovell 5/17/88 
Total Dissolved 
Solids 1 160.1 10 mg/1 3 R. Lovell 5/19/88 
Sulfate 1 31523 0.1 mg/l 3 R. Lovell 5/19/88 
Alpha-Beta 4 1.0,2.0 pCi/l 3 J. Ortiz 5/13-5/23/88 
Lead 210 5 1.0 pci/1l 3 M. Kidwell 5/9-5/25/88 
Polonium 210 6 1.0 pci/1l 3 J. Ortiz 5/11-5/12/88 
Radium 226 4,7 0.2 pCi/L s M. Howard 5/9-5/18/88 
Radium 228 12,13,14 0.9 pCi/1 3 K. Goodale 5/17-5/27/88 
Thorium 230 11 0.2 pCi/1l 3 Taylor & Ortiz 5/11-5/16/88 
Uranium 9,10 0.2 pCi/1l 3 B. Tonning 5/10-5/12/88 
The “known” is from the Lab 
QUALITY CONTROL STANDARDS Accuracy testing, these are 
not new samples 
Certified Acceptable Relative Deviation Spike % 
Parameter Result Result Target Range From Known Recovery 
Fluoride 0.521 0.50 0.45 — 0.55 2.0% 102 
Chloride 26.5 25.85 22.3 — 28.7 2.4% 98 
Selenium 0.009 0.009 0.006 - 0.012 0.0% 104 
Phosphate 0.47 0.50 0.46 - 0.54 6.23 aimia 
Barium 0.98 0.97 0.82 - 1.12 1.03 97 
Cadmium 0.098 0.094 0.080 - 0.108 4.0% 103 
Calcium 250 250 214 - 288 0.0% 101 
Chromium 0.100 0.103 0.088 — 0.118 3.03 103 
Copper 0.105 0.103 0.088 - 0.118 2.0% 102 
Iron 0.096 0.102 0.087 - 0.117 5.03 110 
Lead 0.106 0.101 0.086 — 0.116 5.0% 105 
Magnesium 0.103 0.100 0.085 — 0.115 3.0% 97 


Approved by ieee. Site 
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BARRINGER LABORATORIES INC. 


Energy Fuels 

One Tabor Center 
1200 - 17th St. 
Suite 2500 
Denver, CO 80202 


ATIN: Rich Munson 


LGN: 8106 


Same results as pages 


No 

sample 

ID - not 

anew Parameter Result 

sample 
Manganese 0.104 
Potassium 9.84 
Ammonia 2.00 
Mercury 0.005 
Arsenic 0.099 
Silica 1.20 
Silver 0.97 
Sodium 0.80 
Zinc 0.106 
Total Dissolved 

olid 1479 


Gross Alpha 198 + 6 
Gross Beta 108 + 2 
999Lead 210 a2 & 1 


*""Polonium 210 109 
Radium 226 104 
Radium 228 40 
Thorium 230 97 - 
Uranium 


3 
2 
3 


re) 
NO + I+ I+ 


Certified 
Result 


0.102 
10.0 
1,98 
0.005 
0.100 
1007 


QUALITY CONTROL DATA SHEET (cont'd) 


QUALITY CONTROL STANDARDS (cont'd) 


Acceptable 


Target Range 


0.087 - 0.117 

8.0 = 11.5 
1.78 ~ 2.18 
0.003 — 0.006 
0.080 - 0.118 


0.91 = 1.23 
0.84 - 1.14 
0.73 =~ 0,99 


0.086 - 0.116 


These alpha and beta results are just not possible 


Approved by 
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Relative Deviation 
From Known 
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15000 W. 6TH AVE., SUITE 300 
GOLDEN, COLORADO 80401 
PHONE: (303) 277-1687 


1455 DEMING WAY, SUITE 15 
SPARKS, NEVADA 89431 
PHONE (792) 358-1158 


Same results on pages as 
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EVAN MECHAM, GOVERNOR 
GERALD H. TELETZKE, PH.D., DIRECTOR 


January 25, 1988 


Energy Fuels Nuclear, Inc. 
One Tabor Center, Suite 2500 
1200 Seventeenth Street 
Denver, Colorado 80202 
Attn: Brad L. Doores, Vice President 
Legal and Regulatory Affairs 


Dear Sir: 


Re: Groundwater Quality Protection Permit No. G-0035-08 
Hermit Mine 


Enclosed is a signed copy of the Groundwater Quality 
Protection Permit for the above referenced facility. 
This permit was developed pursuant to A.A.C. Title 9, 
Chapter 21, Arizona Groundwater Quality Standards; 
A.A.C. Title 9, Chapter 20, Article 2, Requirements for 
Facilities Affecting Groundwater Quality. 


If you have any questions regarding this permit, please 
feel free to contact this office at 257-2270. 


Sincerely, 


Ven ) , = 
i if é . eon % 
Gerri Plain 


Water Permits Unit 
Office of Water Quality 


cc: Compliance Unit (John Rampe) 
Robert Hollander (Central Regional Office) 
County Health Department (Mohave) 
HS-Lab Licensure Prg. Mg. 
Roger Smith, Energy Fuel Nuclear, Inc. 


The Department of Environmental Quality is An Equal Opportunity Affirmative Action Employer 


Central Palm Plaza Building 2005 North Central Avenue Phoenix, Arizona 85004 


GROUNDWATER QUALITY F  ECTION 
PERMIT NO. G-0035-08 


STATE OF ARIZONA 


GROUNDWATER QUALITY PROTECTION PERMIT 


Part I. AUTHORIZATION FOR FACILITY OPERATION SUCH THAT GROUNDWATER QUALITY 
OF THE STATE OF ARIZONA IS NOT ADVERSELY IMPACTED. 


In compliance with the provisions of A.R.S. 36-1851 et seq; A.A.C. 
Title 9, Chapter 20, Article 2; A.A.C. Title 9, Chapter 21, 
Article 2; and conditions set forth in this permit: 


Facility Name: Operator: 


Hermit Mine ; Energy Fuels Nuclear, Inc. 
One Tabor Center, Suite 2500 
1200 Seventeenth Street 
Denver, Colorado 80202 


is authorized to operate the Hermit Mine, an underground uranium 
mine located approximately 21 miles south of Fredonia, Arizona in 
Mohave County over the groundwaters of Kanab Plateau Basin in 
Township 38 North; Range 4 West; Section 17, W 1/2 SW 1/4 - Gila 
and Salt River Base Line and Meridian. 


This permit shall become effective on the date of signature and 
shall be valid for 15 years provided that the facility is operated 
and maintained in compliance with the specific conditions, general 
conditions, and information documented or referenced in Parts I, 
II, III and IV of this Permit and such that groundwater quality 
standards are not violated (Part V). 


Le dl. 
Legal and Red ature Affairs Afizona banat taatt of Environmental Quality 
Energy Fuels Nuclear, Inc. 


Signed this d day of Stoned thisl? day of 


19 56 Decade _19 £7 


ARIZONA DEPARTMENT OF ENVIRONMENTAL QUALITY 


EVAN MECHAM, GOVERNOR January 4, 1988 


GERALD H. TELETZKE, PH.D., DIRECTOR 
CERTIFIED MAIL 
RETURN RECEIPT REQUESTED 


Energy Fuels Nuclear, Inc. 

One Tabor Center, Suite 2500 

1200 Seventeenth Street 

Denver, Colorado 80202 

Attn: Brad L. Doores, Vice President 
Legal and Regulatory Affairs 


Dear Sir: 


RE: Hermit Mine 
Groundwater Quality Protection Permit No. G-0035-08 


Enclosed is the signed original of the Groundwater Quality 
Protection Permit for the above referenced facility. This 
permit was developed pursuant to A.A.C. Title 9, Chapter 20, 
Article 4, Arizona Groundwater Quality Standards and A.A.C. 
Title 9, Chapter 20, Article 2, Requirements for Facilities 
Affecting Groundwater Quality. 


It is deemed necessary for the owner of the facility to sign 
the Groundwater Quality Protection Permit and return the en- 
tire permit within ten (10) working days, so that the permit 
may become valid. A copy of the permit will be returned. 

The permit shall be signed as follows: 


Ls For a corporation, by a responsible corporate 
executive at the level of at least vice president 
of the firm, or the manager of its Arizona 
operation if a multi-state operation; 


Zs For a partnership or sole proprietorship, by a 
general partner or the proprietor, respectively; 
or, 

a For a municipality, state federal or other public 


agency, by either a principal executive officer or 
ranking elected official. 


Any comments or corrections should be indicated on a separate 
paper. Please do not make any corrections or other comments 
on the permit. 


If you have any questions regarding this permit, please feel 
free to contact this office at 257-2270. 


Sincerely, - 
Lite Dem 
“Gerri Plain 


Water Permits Unit 
The Department of Environmental Quality is An Equal OifLae AMEmWAat exioQpadatcy 


Central Palm Plaza Building 2005 North Central Avenue Phoenix, Arizona 85004 


Ne U™ Quecter 1°88 


energy fuels nuclear, inc. 


one tabor center * suite 2500 (303) 623-8317 
1200 seventeenth street * denver, colorado 80202 twx 910-931-2561 


March 7, 1989 


Mr. Miguel Santiago 

Environmental Health Specialist 

Water Permits Unit 

Arizona Department of Environmental Quality 
2005 North Central Avenue 

Phoenix, Arizona 85004 


Re: Hermit Mine Groundwater Protection Permit 
No. G-0035-08 


Dear Mr. Santiago: 


Enclosed please find Fourth Quarter analytical results from 
the Hermit Mine monitor well. The well was sampled on December 
22, 1988 and sample analysis is identified as HRO32. Also 
attached are analysis results taken from a water producing zone 
within the Hermit shaft sampled on December 23, 1988. 


Shaft water analysis is identified as Sample Identification 
Number HRO33. Water was collected at a point approximately 908 
feet below shaft collar elevation (3976 MSL) in a zone yielding 
an estimated 14 gpm. The water bearing zone is just above the 
contact between the Hermit shale and Coconino sandstone. 


If you have questions concerning this matter, please contact 
me at our Denver office. 


908’ bls/3,976’ amsl is at the base of the Toroweap 
Formation, just above the contact with the Coconino 
Sandstone - See Hermit Mine Shaft Closure Plan, 1990 2 
- the monitor well sample may not have been collected 0 ALma 

from the R/M monitor water/monitor well (55-518877) Wibbams We 


Compare concentration to the septic water William J. Almas : 
Environmental Coordinator 


Sincerely, 


WJA: smm 
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18000 W. 6TH AVE, SUITE 300 
GOLDEN, COLORACO #0401 
PHONE. (303) 277.1637 


BARRINGER LABORATORIES INC. as cou usr sone, 


GPAAKS, NCVADA 8043) 
PHONE . (763) see 1168 


Engery Fuela Nuclear, Inc. 
P.G. Box 36 

South Hwy 89A 

Fredonia, AZ 86022 


ATTN: Larry Casebolt 


Ciient Nos Log No. 9382 Client PO No. 


Sample Type: water 


Date Collected: 12/21+27/88 Date Received: 1/9/89 Date Reported: 1/30/89 
RESULTS OF ANALYSIS 


carbonate and bicarbonate are not the same thing 


Alkalinity HOCO3 co3 

Sanmpie ase Cac03 as Cac03 aa Caco3 NHq4 aa N 
Identification oes —na/)__ —Ag/AL —aadl_ 
wSo30 ? 8s 8s <1 <.4 
PNO31 201 201 <1 ait 

well 157 18? <1 of 
HROS3 shit 223 223 <1 1 
L€O34 Fredonia office 224 224 <1 ol 
CNO3S Canyon Mine 215 215 <1 Cel 
Aa Ba Gd ea 

Sample Total Total B Total Total Cl 
identification —adl —naslL ma/) ~2a/) aad agi 
wSo30 003 .03 16 <.005 447 47.9 
PNO31 003 204 222 <.005 193 20.9 
HRO32 wi || 006 .04 216 ¢.005 533 40.1 
HRO33 sh+* .011 .06 .19 <,058 545 Bi.i 
LCo34 O11 04 19 <¢.005 516 31.1 
CNO35 <,001 212 <.01 ¢.005 40.7 8.0 


Approved by gt Pg. 1 of 4 
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Energy Fuels 
P.O. Bax 36 
South Hwy 89A 


Fredonia, AZ 86022 


19:36 


@Qovo 2ii 1009 


ATTN: Larry Casebolt 


LGN: 9382 


Sample 
dent tion 


wS030 
PNO31 
HRO32 v«!! 
HRosa oh 
LCo34 
CNO35 


Sample 
identisication 


WSo30 
PNO31 
HRO32 ~«l\,, 
HROSS 
LCos4 
CNOSS 


Approved by Ak Fa 


DARRINUCLIL 


Cu 
Conductance Totel 
/em ~ma/i 
3200 .03 
2030 203 
3440 -04 
3310 204 
3650 -O3 
454 204 
Ng Hn 
Total Total 
195 .02 
129 eas 
177 Pe Te) 
174 04 
164 204 
28.8 .Q3 


gOS 


Barringer Laboratories 
15000 W. Sth Avenue 
Suite 300, 

Golden, CO 80401 

(303) 277-1687 


4.02 
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ae Barringer: Laboratories 
15000 W. 6th Avenue 
Suite 300. 
Golden, CO 8040} 
(303) 277-1687 


Energy Fuels 

P.O. Box 36 

South Hwy 89A 
Fredonia, AZ 86022 


ATTN: Larry Casebolt 


LGN: 9362 
P04 K Se 

Sample NO3 as N Totel pH Total fotai 
identification —Aa/h aad) unite me T-Va —nadi 
wS030 or <.2 7.74% 12.2 .049 
PNO31 <1.0 <2 7.70 31.0 .005 
HROS2 u'! <1.0 <.1 7.40 21.6 -012 
HROSS 4th <1.0 <.1 7.36 32.3 2014 
LCco34 <1.0 q.1 7.40 30.4 .013 
CNO3S <1,0 re! 7.86 2.2 <.001 

Ag Ha 

Sanple $102 Total Total TDS TSS S04 
identification j mg/h _ma/L o.mg4l aaZi aag4ie £agéh 
WS030 12.4 <.01 55.8 3100 <4 2010 
PNO31 8.7 .O2 81.7 1580 42 986 
HROS2 wt! 12.6 <¢.02 73.6 3420 8 2220 
HROS2 sls" 3.6 <.01 107 3200 . 64 2080 
LCO34 10.2 <.01 100 3220 <4 2080 
CNO3S 9.7 <.01 6.00 232 7 16 
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- ; Barzinger Laboratories 
15000 W. 6th Avenue 
Suite 300. 

Golden, CO 80401 
(303) 277=1687 


Energy Fuela 
P.0. Box 36 

South Hwy 894 
Fredonia, Ad 86022 


ATTN: Larry Casebolt 


LGN; 9362 
Gross Alpha Gross Beta 
2n (Tatal>? (Totali> 
Sample $03 Total pCi/liter pCi/liter 
identificerion ma/d —og/i tPrecisionr tPrecision« 
WSO30 ? <5 .097 17 + 17 66 ¢ 11 = Gross alpha 
PNO31L ge <S .O59 94 + 16 37 ¢ 6 can’t be 
HROS2 Hermit <S .136 lower than 
HROSS sh <5 134 1500 + 100 370 + 20 ross beta 
1.c034 Fredonia office <S ~122 1400 t+ 106 390 + 20 
CNO3S Canyon <5 +123 17 2 4 190 + 2 
Ra-226 Th-230 
(Total) (Tatal> Uranium 
Sample pci/liter pCi/liter . (Totald 
Identification tPrecision« tPrecision» mna/liter 
WSO030 0.2 + 0.2 0.5 + 9.6 0.0185 
eee 17 + 1 0.9 + 0.7 0.0024 
eee ait 2.14 0.5 0.6 + 0.6 0.0024 Too low f 
HRO33 162+ 4 0.1 + 0.5 0.0207 sa55 ass 
LCO34 178 + 4 0.1 + 0.5 0.0228) cil and the 
CNO35 2.9 + 0.6 0.3 + 0.5 0.0183 higher alpha 
0.0183 mg/Lisa should be the 
reasonable higher 
concentration for concentration 
1744 pCi/L 
2.28 and 2.07 
* Variability of the radioactive disintegration process mg/L makes 


(counting error) at the 935% confidence level, 24,9 


Appreved by Sites Lhe Why approved by a 
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Energy Fuels 

P.O. Box 36 

South Hwy 839A 
Fredonia, AZ 86022 


ATTN; Larry Casebolt 


LGN? 9362 


QUALITY CONTROL DATA SHEET 
Not who signed USPS cerified receipt 
By: Gina Reichert 


Time Received: 3:30 


Sample Container Type: large cube 
Senple Type! water 


Preservative When Received: 


Additional Lab Preparation: None 


Parameter Reference Method babe 


Alkalinity i 210.1 0.3 
Chiocride 1 3235.2 0.2 
Ammonia i 350.14 0.1 
Phosphate 1 365.1 0.01 
Nitrate 1 353.1 QO.4 
Conductivity i 120,1 O.1 

Fluoride 1 340.2 0.1 
pH i 150.1 90.90 

Mercury 1 2458.1 0.2 
Bariua i 200.7 3 
Boron 1 200.7 190 
Cadmium i... 200.7 s 
Calciua 4 200.7 10 
Chromium 1 200.7 10 
Copper 1 200.7 10 
Iron 1. 200.7 10 
Lead i. 200.7 ro] 
Magnesium 1 200.7 10 
Manganese i 200.7 3 
Molybdenum 1 200.7 190 
Araenic p 206.2 i 
Sulfate 1 378.3 0.1 
Tos a 160.2 19 


Approved by A 2 


BARK NUL 


Date: 1/9/89 


Wj WUD 


Barringer Laboratories 
15000 W. 6th Avenue 


Suite 300. 


Golden, CO 8040] 
(303) 277=1687 


KN Receipt on page 298 is 


1. HNOZ 2. 


ag/il 
ag/i 
ag/i 
ag/i 
ag/l 
uahos/ca 
mg/l 
unite 
ug/l 
ug/l 
ug/l 
ug/l 
ug/l 
ug/l 
ug/l 
ug/l 
ug/l 
ug/l 
ug/} 
ug/l 
ug/l 
ag/l 
ag/i 


H2S04 


OO FPP EP PrP PP HFPEP PPE FP GO WN&N W & 


dated 1/8/1888 
none 4. NaOH 


Via: UPS” 


Date(a) of 
Analyst ~Ansiysis 

J. Hageman 1/11/89 
BD. Hobbs 1/12/83 
D. Hobba 1/12/89 
D. Hobba 1/13/88 
D. Hobbs 1/13/89 
A. Knudson 1/26/89 
A. Knudson 1/16/89 
A. Knudson 1/16/89 
J. Hageman 1/20/89 
D. Hidalgo 1/24/89 
D. Hidalgo 1/24/89 
D. Hidalgo 1/24/89 
D. Hidalgo 1/24/89 
DBD. Hidalgo 1/24/89 
D. Hidalgo 1/24/89 
D. Hidalgo 1/24/89 
DBD. Hidalgo 1/24/89 
D. Hidlago 1/24/89 
D. Hidlago 1/24/89 
D. Hidlago 1/24/89 

Gilleland 1/25/89 
A. Meyer 1/11/89 
A. Knudson 1/26/89 

Pg. 1 ef S 
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Barringer Laboratories 
15000 W. 6th Avenue 
Suite 300. 

Golden, CO 80401 
(303) 277-1687 


Energy Fuels 

P.O, Box 36 

South Hwy 894A 
Fredonia, AZ 86022 


ATTN: Larry Casebolt 


LGN; 9382 
QUALITY CONTROL DATA SHEET (cont’d) 
Date(s) of 
Parameter Rk nce Methed LED Preservative Anslyst —Abalysis 
TSS 1 160.2 4 ag/l 3 A. Meyer 1/12/89 
Selenium p 270.2 2 ug/l 1 D. Hobbs 1/18/89 
Sulfide 1 376.2 1 mg/l 3 A. Knudaon 1/18/89 
Potagaium i 200.7 10 ug/l 1 D. Hidalgo 1/24/89 
Silver 1 200.7 S ug/l 1 D. Hidelgeo 1/24/89 
Sodium 1 200.7 0,01 ug/l 1 D. Hidalgo 1/24/89 
zine i 2006,7 3 ug/l 4 D. Hidelga 1/24/69 
Silica i 200.7 10 ug/l i D. Hidalge 1/24/89 
\iphe-Beta 4 1.0,2.9 pci/il 3 M. Kidwell 1/10-2/6/89 
Radium 226 4,7 0.2 pCi/sl 3 Goodale,Howard 1/16°1/18/89 
Thorium 230 11 0.2 pcisl 3 J. Ortiz 1/18-1/25/89 
Jranium 4,14 0.3 ug/l 3 B. Tenning 4/18-1/20/89 
DUPLICATES 
Sample Relative Deviation 
Gentification ara Reault Result ——~fz.on_ lean 
$030 ‘o) Alkalinity 85 84 1.2% 
No35 Chloride 8.0 8.0 0,0% 
NO35 Anmonia €.1 “ol 0.0% 
NO35 Phosphate ¢.1 <1 0.0% 
NO35 Nitrate <1.0 <1.9 0.0% 
$030 Fluoride .87 .87 0.0% 
RO33 pH 7.36 7.36 0.0% 
VO35 Barium 212 11 10.0% 
YO35 Boron <.01 ¢.01 0.0% 
{o35 Cadmium <.005 <.005 0.0% 
1035 Calcium 40.7 41.4 1.7% 
proved by Pe 


vzsl(789 15:42 «= €@P3O3N277F G89 
Energy Fuels 
P.0. Box 36 
South Hwy 894 
Fredonia, AZ 86022 


ATTN: Larry Casebolt 


\g) G08 


Barringer Laboratories 
15000 W. 6th Avenue 
Suite 300. 

Golden, CO 80401 
(303) 277-1687 


LGN: 9382 
QUALITY CONTROL DATA SHEET (cont’d) 
DUPLICATES ‘eont’d) 

Sample Relative Deviation 
Identification Paraneter Result Result —__F£xon Mean 
CNO3S Canyon Mine Chroaiun <.01 <.01 0,0% 

CNO3S Copper 291 <. 01 eS 
CNO3S8 Iron 246 «40 12.0% 
CNO3S Lead <.02 <.02 0.0% 
CNO3S Magnesium 28.8 29.4 2.0% 
CNO3S Manganese .93 -O3 0.0% 
CNO38 Molybdenum <€.01 €.01 0.0% 
HROS3S2~ Hermit well Araenic .0606 906 0.0% 
CNO35 Sulfate P| 17 12.5% 
LCO34 ToS 3220 3220 0.0% 
HRO32 TSS 19 a 22.0% 
CNO9S Selenium <.001 <.001 0.0% 
CNOSS Potassiua 2.2 2.2 0.0% 
CNO3S Silver <,.QO1 €.01 0.0% 
CNO3S Sodiun 6.00 5.91. 1.3% 
CNO35 Zine 2123 0116 5.7% 
CNOoas Silica 9.70 9.61 6.9% 
CNO3S Uranium 0.0188 0.0178 2.7% 

QUALITY CONTROL STANDARDS 

Certified Aucuptable Ralative Deviation 

Parameter Result Result Target Range ——Froa Known 
Chloride 24.7 26.038 24.1 - 27.7 5.3% 
Ammonia 2.00 1.98 1.78 al 2. 18 1.0% 
Phosphate Pe} | 200 ~46 - 54 2.0% 
Approved by — Ante pg. 3 of 5S 
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15000 W, 6th Avame 
Suite 300. 

Goldan, CO 80402 
(303) 277=1687 


Barringer LaboratorLes 


Energy Fuels 

P.O. Box 36 

South Hwy S9A 
Fredonie, AZ 86022 


ATTN: Larry Casebolt 
LGN: 9382 
QUALITY CONTROL DATA SHEET ‘(cont’d) 


No sample IDs QUALITY CONTROL STANDARDS (cent’d? 


There should not be a known 

a if these are new samples 

Certified Accepteble Relative Deviation 
Baremeter Reault 
Nitrate 2.06 1.98 1.78 - 2.18 4.0% 
Fluoride 32 Te) -45 - .38 3.9% 
Mercury .008 ° 60s -004 - .006 Oo. Ox 
Bariunr - 21.91 397 -82 - 1.12 4.0% 
Bares .54 99 -64 - 1.14 5.0% 
Cadmium 219 » 200 2170 +230 9.3% 
GeloLum 2209 2290 2170 +230 4.5% 
Chroaiur ‘ «206 .200 2170 e220 3.0% 
Copper 0196 2206 «1706 2230 1.0% 
Tron . ~a209 +200 e 170 .230 4.3% 
Lead oa@il «200 ~170 230 5.5% 
Magnesium «218 «200 -170 +230 9.0% 
Manganese +206 2200 -170 °230 3.0% 
Nolybdenua «206 2200 -170 «230 3,0%x 
Arsenic 2069 2062 048 .073 11.0% 


Groas Alphe 
Groas Beta 
Radium 226 
Thoriurg 230 
Ureniunm 


Approved by Doron Banbuy pg. 4 of S 295 
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Energy Fuels 

P.0. Bex 36 

South Hwy 89A . 
Fredonia, AZ &6022 


ATTN: Larry Casebolt 


DARI NUCH 


worn, LY 
Barringer Laboratories 
15000 W. 6th Aveme 
Suite 300 . 
Geicen, oo 2040s 
(303) 


QUALITY CONTROL DATA SHEET (cont’d) 


LGN: 93862 

Spike % 
Parameter Recovery. 
Anmonia 106 
Nitrate 103 
Barium $8 
Chormiua 96 
tron 162 
Nanganese 938 
Arsenic 112 
Stliver 93 
eine 100 


Noa 


Ameaemuad bil 


SPIKES 
What sample? 


Phoaphate 
Fluoride 
Cadmium 
Copper. 
Lead 
Holybdenum 
Potesaiun 
Sedium 


77=1687 
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RE: Hermit Mine G-0035-08 Not stamped 


SENDER: Complete items 1 and 2 when additional services are desired, and complete i’ 3 

and 4. 
Put your address in the “RETURN TO” eng on the reverse side. Dy a ah hic do this will preven __.is 
card from being returned to ap f h m he 

hi For enone! fees the toliousine eee are available. Consult 
postmaster for fees and check Bonteas for additional service(s) requested. 
1. O Show to whom delivered, date, and addressee’s address. 2. 0 Restricted Delivery 
t (Extra charge}t t (Extra charge)t 


3. Article Addressed to: 4. Article Number 
Energy Fuels Nuclear, Inc. PIG 
One Tabor Center, Suite 2500 _ | Type of Service: 


1200 Seventeenth Street CL) Registered O) Insured 
Oj cop 


Denver, Colorado 80202 Certified 


Express Mail 
Attn: Brad L. Doores : 
Always obtain signature of addressee 


oh President or agent and DATE DELIVERED. 
Addyessee 8. Addressee’s Address (ONLY if 
Ev requested and fee paid) 
LY ae 
6. Signature — Agent 
Xx 


7. Date of Delivery =) 6, 
—— ne 'b, 
O ; 
PS Form 3811, Mar. 1987 * U.S.G.P.0. 1987-178-268 DOMESTIC RETURN RECEIPT 
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ENVIRONMENTAL QUALITY 
~ Northezn Regional Office 
OFFICE OF WATER QUALITY 
2501 N. 4th St., Ste. 14 
Flagstaff, Arizona 86004 
Phone No: (602) 779-0313 


ROSE MOFFORD, GOVERNOR 
RANDOLPH WOOD, DIRECTOR 


April 3, 1990 


/ CERTIFIED MAIL - RETURN RECEIPT 


Energy Fuels Nuclear, Inc. 
P 853 454 390 


One Tabor Center, Suite 2500 
1200 Seventeenth St. 

Denver, CO 80202 

Attention: Brad L. Doores, Vice President, Legal & Regulatory Affairs 


Re: Sanitary Survey of Energy Fuels Nuclear, Pinenut Mine, Groundwater Quality 
Protection Permit No. G-0036-08, Mohave County 


Enclosed is a copy of an inspection report prepared by the Northern Regional 
Office staff concerning the referenced facility. The inspection was performed 
in accordance with Arizona Revised Statutes (A.R.S.) 49-351 et seq. and with 
the Arizona Administration Code (A.A.C.) R18-4-267 or R18-9-809. - 


Your attention is directed to the Summary of Inspection section which lists 
the major deficiencies that were found and the necessary corrective actions. 
These major deficiencies are considered to be a potential threat to public 
health and welfare. It is necessary to correct the major deficiencies within 
sixty (60) days in order to protect the health of the users of the system. 
Please notify this office as soon as the deficiencies are corrected. Follow-up 
inspections will be scheduled to determine and/or confirm that deficiencies 

no longer exist. 


Should sixty (60) days be an unreasonable time to correct the major deficien- 
cies, please submit a proposed schedule for remedial actions. If the major 
deficiencies are not corrected, it will be necessary to refer this matter 

to the Compliance Office of the Office of Water Quality in Phoenix for further 
action. Such action may include an Administrative Order and fines, depending 
on the type of project. It is hoped to avoid this enforcement situation, 

if at all possible. 


Under the category of Physical Facilities, "Minor Deficiencies", which are 
not considered to be major in their effect on quality or quantity, may be 
listed. The corrective actions listed for these deficiencies are recommended. 


If you have any questions on this matter, please contact Buck Olberding of 
our Office at 779-0313. 


Northern Regional Office 
Office of Water Quality 


HRH: REO: cpp cc: Mohave County Health Dept. 
Enclosure Water Permits Unit, ADEQ 


= Rte swe Conk fies, ae te! Sore 


The Department of Environmental Quality is An 2 APB Opportunity Affirmative Action Employer. 


Central Palm Plaza Building 2005 North Central Avenue Phoenix, Arizona 85004 


os 
DEPARTMENT OF ENVIRONMENTAL QUALITY 
OFFICE OF WATER QUALITY 
SUMMARY OF INSPECTION WASTEWATER 
NPDES No. 
. : . Groundwater 
Facility: | Energy Fuels Nuclear - Pinenut Mine saysierm No. G-0036-08 
Inspected by: Buck Olberding Date: 3/6/90 
Accompanied by: Larry Casebolt County: Mohave 
Recommendations by: Buck Olberding Date: 3/20/90 
SUMMARY : YES NO NA 
1. Wastewater system meets State of Arizona's ae 
major requirements (Summary of Items 1-6)...........----e--- X 
2. A certified operator is employed by the owner as required 
by State of Arizona's regqulationS......- cece eee eee ee eeeceee x 
3. Physical facilities meet State of Arizona's 
requirements (Excluding Items in #6).......eee cence eee eeeees x 
4, Effluent quality and disposal meets State of Arizona's 
and EPA standards........ccccccccccccccccscccces Bowewraas Saas : x 
5. Monitoring meets State of Arizona's standards 
[a. x Process b. x NPDES]... ccc cccccccccccccccccsceses x 
6. This system camplies with the State of Arizona's 
requirements of the [a. Reuse Permit b. x _ Groundwater 
Quality Protection Permit].........cccccc cee cccecccecccccces Xx 


SYSTEM INFORMATION: 


This facility is an underground uranium mine located approximately 51 miles south of 
Fredonia in Mohave County over groundwaters of Kanab Plateau Basin. The operator is 
restricted to the disposal of mine water and runoff from a 16-acre site to a 5.3 acre- 
foot lined impoundment. Domestic sewage from travel trailers, office and host build- 
ings shall be disposed into a septic tank and leach trench system approved by Mohave 


County Health Department. 


According to Abigail Myers of the Water Permits Unit, the premining phase ambient ground- 
water monitoring has been performed as required. Mohave County has approved the 
installation of the septic system. 


GROUNDWATER PROTECTION PERMIT (Item 6) - Major Deficiency 

Internal site drainage shall be improved. Visually, it appeared that runoff from the 
mine site would occur in 2 locations during a significant precipitation event: (1) at 
the east side of the subgrade ore stockpile located at the southeast portion of the 
mine site, and (2) to the north along the west side of the impoundment. 


REO: cpp 


energy fuels nuclear, inc. 


one tabor center * suite 2500 (303) 623-8317 
1200 seventeenth street * denver, colorado 80202 twx 910-931-2561 
fax 303-595-0930 


April 2, 1990 


Ms. Jean Marie Heney 

Environmental Program Specialist 

Water Permits Unit 

Arizona Department of Environmental Quality 
2005 North Central Avenue 

Phoenix, Arizona 85004 


Re: Hermit Mine Groundwater Protection Permit #G-0035-08 


Dear Ms. Heney: 


As discussed with you in our telephone conversation of March 
21, 1990, I have enclosed two items which should help in your 
review of the Hermit Mine Premining Groundwater Report and the 
Hermit Mine Closure Report. 


As pointed out in our conversation, Exhibit #2, Hermit Mine 
Premining Groundwater Quality misidentified Samples HRO19 and 
HRO25 as being taken in 1989, instead of 1988. A corrected 

ibit #2 is attached reflecting these changes. 


Also, a copy of test results for native clay materials to be 
used in shaft plugging in the Hermit Mine is attached. As can be 
seen in review of the results, native materials, when compacted, 
have coefficient’s of permeability in the 10-° cm/sec range. As 
discussed with you, no special compactive effort of clay mate- 
rials will be made because of safety considerations. However, 
Native clay materials are being dropped down the shaft, free 
falling over 900 feet before impacting. This represents a 
considerable compactive force. 


If you have any questions regarding this matter, please 
contact me. 


Sincerely, ' 
\ ase zi j 5 f 
HR025 was collected on 8/23/99 or 9/27/88 and oF) By aie eee ie p 
might be from the shaft (page 233) OLSEN & ETS 


William J. Almas 
Environmental Supervisor 


WJA/pl 
Enclosures 


cc: R. A. Munson 
R. B. Smith 
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RECORD OF PHONE CONVERSATIO. 


DATE: 3/ai/4o 
caLL T0: B;// Almas 
PHONE NUMBER: 3°3- 73/-256/ 


OF: Erergy Fuels Mis Jane 


CALL FROM: Jeanmracce Want, OF: 40E0 


PHONE NUMBER: 25 7-2//7 


REGARDING: /¥ezmrct Mere ground wali and ghaft sampling Attdik Cy 


SUMMARY OF DISCUSSION: 
Regan deng Exhibt 2 gh tle [aermering Water Qual data 
sep rt, D was confrrasd ao Yo wheel sam plea cutee cracel 
ve evtabtuk premening yreanes.d. Bilf aad that he 
Sample Aelth win The tbh dated 6-29-97 andl 1-27-99 


— 


atheula hae heen dated 6-27-8% anh O 7-27- $8. (GP error 


g 

z 

3 TAvielire , the. Sollocueng sample pall wee ced 

t de eatbhluf pre-mencng mean and stl decxaten,' 

: Sample_# collection Date Bcdl will send sn am aminded Exhkibd # 2 

sf AR a2 tee ee with correct dates. Mine chsere <2 prececliy 
2 HR OlfF 6-29- 8F at Kermit- They ve BIT eosies % the concrete 

v HR O25 9-29-88 beth heads, Wey corn he perrrtalrbily 
: me eee (2-22-88 on the pats Say material > he witl 

3 HER O4/ 5-31- 84 dend he Aetull me 4, early neat 


week. EW 4% expecting a ntply fe 
DEQ Aegarding contingency plan far gee 
HER ONS Mn G@- 21-29 Marelpung and ynime borne. 

HER OSI Ato, uy hs /0-(9- 89 


HER. 052 Mn, Zn, U, Ca, k [2-07- 87 
Na, Cress 3, Th??? 


~ 


: Arizona Department of Environn I Quality 
Date__ 3/2/90 
To igat 
= got 200 
now Tgaimenae [ees 


O Review O Per Conversation 


O Note and see me O As Requested 
QO Note and Return O Necessary Action 
O Comment & Information 


REMARKS: 


ADEQ/STOCK 101 (4-87) 


Perrrrrrt 


SIGNED 


SEND PARTS 1 AND 3 INTACT - 
PART 3 WILL BE RETURNED WITH REPLY. 


POLY PAK (50 SETS) 4P472 
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Chen@ Northern. Inc. stecuavane aes 


MWe So iy 
4 Z iy 
AONE LIGAND AUREL 


303 744 °7°°G 
303 744 52°0 ) Facsuns ie 


March 9, 1990 


Energy 
2555 South Highway 89A 
Fredonia, Arizona 86022 


Subject: Laboratory Testing 
Jab No. 1 198 90 
Dear Mr. Casebolt: 


On February 12, 1990, we received three soil samples at our Denver laboratory 
which were labeled "HR-1", "HR=2", and "HR-3". These samples were indicated to 
contain 5%, 0%, and 1% bentonite, a As requested, we performed 
gra ze yses Atterberg limits tests on these samples for 
classification purposes, and standard compaction tests (check points only) to 
determine the maximum dry density of the samples at the moisture contents as 
received. We used this data to remld a specimen from each sample for 
permeability testing in the triaxial (flexible-wall) cell. These tests were 
performed to simulate on-site comlitions as discussed with you. ‘The results of 
these tests are presented on Tables I and II, enclosed. 


Please feel free to call if you have any questions regarding this data, or if we 
can be of further assistance. 


Sincerely, Bentonite is mainly smectite minerals that 
generally form from decomposition of volcanic 
ash/tuff but can also form from hydrothermal 


CHEN- , IN. 
“— 
_ f 4 j) Nf alteration of sedimentary rocks 


Sally K. Miller, A.E.T. 
Soils Laboratory Supervisor 


SKM/kaj 


Rev. By: JCB 
Enclosure 


310 of 1,425 
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CHEN-NORTHERN, INC. 
TABLE I 
SUMMARY OF LABORATORY TEST RESULTS 


MARCH 6, 1990 JOB NO. 1 198 90 
Percent Passing: Sample No, Sample No. 
_Sieve Size _ a. = 
0.75 in. 100 100 
0.375 in. 99 99 
No. 4 (0.187 in.) 99 98 
No. 8 (0.0937 in.) 94 94 
No. 16 (0.0469 in.) 92 92 
No. 30 (0.0232 in.) 91 90 
No. 50 (0.0117 in.) 89 88 
No. 100 (0.0059 in.) 83 83 
No. 200 (0.0029 in.) 77 76 

ce laled +0 moister cone 
Plastic Limit 19 18 
Liquid Limit ; 38 35 
Plastic Index : 19 17 
(Ange oY yrotere. WAL con lem t 
LOT Ml! eg thier Ve dt ¥ J 
content 243 auth —~* 
Soil Classification Lean Clay Lean Clay 
with Sand with Sand 

Moisture Content 


As Received, % 7.3 7.5 


Maximm Dry Density, 
pef, at "As Received" 
Moisture Content 106.2 108.0 


#633 POS 


7.5 


106.9 


fpoltz + oovacs:; Znte te Geolek 


Shroe a At : ey b. ae ~ fx 


CHEN-NORTHERN, INC. 
TABLE il 
SUMMARY OF PERMEABILITY TEST RESULTS 
MARCH 6, 1990 JOB NO. 1 198 a0 


Initial Initial Initial \ hue Final ‘fo (i yw Sy Final 

Moisture Dry Percent“ Moisture S Final Dry Confining Coefficient of 
Sample Content, Density, Campaction, Content, Saturation, Density, Pressure, Permeability, 
—No. Eee eae ee eee. eee a Se ee: a 


HR-1 7.4 105.4 99.3 20.2- 99.7 109.0 80.0 2.610% 
HR-2 6.9 108.3 100.3 18.6 97.8 - 171.3 80.0 7.7x10° 


HR-3 6.7 106.8 99.9 19.2 94.1 108.8 80.0 5.5x10% 
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March 7, 1990 


Ms. Abigail A. Myers 

Environmental Program Specialist 

Water Permits Unit 

Arizona Department of Environmental Quality 
2005 North Central Avenue 

Phoenix, Arizona 85004 


Re: Hermit Mine 
Groundwater Protection Permit No. G-0035-08 


Dear Ms. Myers: 


(9 84 

Enclosed please find the Fourth Quarter 1990 Analytical 
Results from the Hermit Mine Monitor Well. Also enclosed are the 
Hermit Mine shaft sample taken at an elevation of 908 feet below 
the shaft collar and the Hermit Mine sump sample. These samples 
are identified respectively as Ae 053 and 054. The date of 
collection for each was on . Samples were ob- 
tained following procedures outlined in the Groundwater Protec- 
tion Permit. Analysis was performed for the comprehensive list 
of parameters given in Part II.b.B.2.b. of the Groundwater Pro- 
tection Permit. As reported in the closure report filed February 
19, 1990, the Hermit Mine is currently undergoing closure 
procedures. Therefore, the shaft sample and the sump sample are 


the last monitoring information from these points to be 
available. 


Contingency Requirements 


Pursuant to provisions of Section 2.C, Contingency 
Requirements, in the Groundwater Protection Permit, 
Energy Fuels Nuclear hereby notifies the ADEQ of an 
exceedence of Alert Levels in the HER-052 monitor well 
sample. For elements Mn, Zn, U, Cl, K, Na, 7°°Th, ?7°Ra 
and pH. 


This is Energy One Tabor Center 1200 17th Street Suite 2500 Denver, Colorado 80202 


595 314 
Fuels’ address 303/595-0933 


Ms. Abigail A. Myers 

Environmental Program Specialist 

Water Permits Unit 

Arizona Department of Environmental Quality 
March 6, 1990 

Page Two 


Proposed actions to be taken to investigate the 
causes for these apparent exceedences are outlined in 
the Hermit Mine Groundwater Monitoring Report Mining 
Phase submitted to ADEQ on February 13, 1990. Monthly 
monitoring of the well is now r underway as outlined in 
this submittal. 


If you have any questions concerning this matter, please 


contact me in our Denver office. 
Sincerely, 
VD. Vn 
Worked for Ale LK bonnie 


Energy Fuels William J. Alm 
Environmental —_— a 


WJA:vre 
Enclosure 


cc: Richard Munson 
Robert Smith 
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HERMIT MINE MINING PHASE GRW QUALITY 


A 


PARAMETERS , 
UNITS 


Hg,mg/! 
Se,mg/ | 
Ag,mg/! 


mg/| 
as CaC03,mg/! 
HCO3 as CaC03,mg/! 
C03 ,mg/! 


Gross alpha,pCi/! 
Gross beta,pCi/! 
Th230,pCi/! 
Ra226,pCi/| 


Electrical conductivity, 


umhos/cm 
pH, units 
TSS ,mg/| 
U,Dissolved mg/| 


PREMINING 


SAMPLE 
MEAN 


0.012 
0.022 
0.005 
0.022 
6.98 
0.03 
0.106 
0.00054 
0.0152 
0.01 
0.0678 
0.0025 
157.4 
157.4 
0 
547 
41.2 
0.08 
1.37 
181.6 
0 
23.28 
12.42 
74.8 


6-MAR-90 09:09:53 Pg 1 4 
c D E F G 
SAMPLE RESULTS SAMPLE RESULTS SAMPLE RESULTS SAMPLE RESULTS SAMPLE RESULTS 

STANDARD HER 044 HER 048 HER 051 HER 052 
DEVIATION 06-29-89 09-21-89 10-19-89 12-07-89 
0.0060 0.004 0.008 0.022 0.0080 
0.0179 0.02 0.02 0.01 0.0200 
0.0112 0.008 C) C) <0.005 
0.0110 0.02 ) 0) 0.0200 
2.1157 12 11.6 4.71 1.1300 
0.0671 <0.02 <0.02 <0.02 <0.02 
0.0404 0.23 0.49 0.39 0.2500 
0.0005 C) ) C) 0.0002 
0.0138 0.02 0.009 0.023 0.0060 
0.0100 C) ) C) 
0.0603 0.077 C) 0.013 0.2 
0.0003 0.0035 0.0043 0.0064 0.02 
1.6733 160 C) 155 .0000 
1.6733 150 150 155 
0.0000 0) 

36.5718 542 547 466 .0000 
1.4370 40 39 52.0000 
0.0663 <0.01 0.01 <0.01 
0.0815 1.28 1.43 1.3000 
8.9331 186 201 155 .0000 
0.0000 <0.1 <0.1 <O.1 
2.6957 24.2 31.6 44.6000 
0.9602 11.5 9.8 8.9000 
5.4649 76 102 138 .0000 
99.3982 2280 2280 2280 .0000 
29.6648 3440 3220 3310.0000 
0.3130 ) Oo) <O.1 - 
31.7616 28 19 78 22.0000 
5.2440 40 41 54 68 .0000 
0.3286 0.2 ) 3.1000 © 
1.2054 3.3 0.8 2.4000 
115.4556 3470 3600 3470 .0000 
0.0000 

0.3500 6.92 7.2900 
37.3486 


H 


MAXIMUM 
ACCEPTABLE 
VALUE 


0.0241 
0.0678 
0.0274 
0.0439 
11.2114 
0.1642 
0.1867 
0.0016 
0.0428 
0.0300 
0.1885 
0.0030 
160.7466 
160.7466 
0.0000 
620.1437 
44.0740 
0.2127 
1.6331 
199.4662 


4.3708 


03706790 


ifs] 
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BARRINGER LABORATORIES INC. 


15000 W. 6TH AVE. SUITE 3UU 
GOLAEN, COLORADO Roan 
PHONE: (303) 279 1687 


DEMING WAY SUITR 15 
99431 
(702) 364-1 1450 


1455 
SPARKS, NEVADA 
PHONE: 


6-Mar-90 
Larry Casebolt 
ENERGY FUELS NUCLEAR Page: 1 
P.O. Box 36 Copy: lof 2 
Fredonia, AZ 86022 Set : Z 
Authority: Larry Casebolt 
Project : Purchase order : 
Job: 91682E Status: Final 
Sample Type: Water 
HCO3 As Ba C03 cd 
as Ccaco3 Total Total as Caco3 Total 
Sample WG... wi BY nk 
HER=-052 155 0.008 0.02 <0.5 <0.005 
HER-053 190 0.007 0.02 <0.5 <0.005 
HER-054 218 0.205 0.02 <0.5 <0.005 
Ca el er Specific cu 
Total Total Conductance Total 
Sample _mg/l_ _mg/)s- __mg/)_ Es Le umho/em mg/l 
HER-052 466 52 <0.01 3470 0.02 
When 53 HER=053 493 37 <0.01 3350 0.01 
HER-054 537 “30 <0.01 3410 0.03 
sampled? 
F Fe Pb Mg Mn Hg 
Total Total Total Total Total 
Sample _mg/l _ __mg/l _«-__mg/i___ _mg/l ss _e_mg/l_ 
HER-052 pee | L.i3 <0.02 155 0.25 0.0002 
HER-053 1.0 1.05 <0.02 148 0.03 <0.0002 
HER-054 Lud 0.19 0.03 170 0.06 0.0005 
NO3 as N pH PO4 as P K Se 
Total Total 
Sample __emg/l_ unit. —s- _emg/) Lm / 
HER-052 <0.1 7.29 <0.1 44.5 0.006 
HER-053 <0O.1 7.22 <0.1 34.3 0.009 
HER-054 51.3 7.35 0.2 31.8 0.010 
LS 
ou sdf IL Ay a 
LTA LD amy CA 
OBB LEY iy _ ae | 
e we oy 
<“h;, ¥ oe DMOVANCED TECHNIQUES AND INSTHUMENTATION FOR THE EARTH SCIENCES 
SEL 21 GLO” 
— as sam oaaq o77 180290 PAGE AAS 


FEB 83 °386 15:55 — 


Earlier date than previous page and maybe not faxed from lab 


1$000 W, 6TH AVE., SUITE 300 
GOLDEN, COLORADO 80401 


PRONE: (303) 277-1687 
_.RRINGER LABORATORIES INC. 1485 OEMING WAY, SUITE 15 
a SPARKS, NEVADA 88431 
PHONE: (702) 358-1158 
30-Jan-90: 
Casebolt 
3Y FUELS NUCLEAR Page: 2 
- Box 36 Copy: 2 of 2 
,edonia, AZ 86022 Set ; 1 
Authority: Larry Casebolt 
Project : Purchase order : 
Job: 891682E Status: Final 
Sample Type: Water 
$i02 Na TDS $04 an 
Dissolved Dissolved 
Sample mg/l ngo/l mg/l 7 eet _ —ma/) 
HER-052 8.9 138 3310 2280 -258 
HER-053 8.7 139 3220 2210 -026 
HER-054 10.1 82 3450 2250 -093 
Gross Alpha Error Gross Beta Error Ra-226 Error 
' Total Total Total 
Sample nei /i 20% pei/i 2q%* —_pei/l 20% 
HER-052 22 +18 68 +12 2.4 +0.5 
HER-053 5600 +200 1920 +40 280 +10 
HER=-054 104000 +1000 44900 +200 7800 +100 
Th-230 Error U U 
Total Total Dissolved 
Sample _pei/l 20*  _omg/i . _emg/i_ 
HER-052 3.1 +1.0 0.024 0.0030 
HER-053 1.4 £0.7 0.032 0.025 
HER=-054 5900.0 +100.0 36.6 11.9 


ADVANGED TECHNIQUES ANO INSTRUMENTATION FOR THE EARTH SCIENCES 


FEB 68 °96 


15000 W. ETH AVE,, SUITE 300 
GOLDEN, COLORADO 80401 


PHONE: (303) 277-1687 
#RINGER LA BORATORIES INC. 1455 OEMING WAY, SUITE 15 
- SPARKS, NEVADA 89431 
PHONE: (702) 358-1158 
30-Jan-90 
Jasebolt 
4wY FUELS NUCLEAR Page: 3 
- Box 36 Copy: 2 of 2 
yedonia, AZ 86022 Set : 1 
Authority: Larry Casebolt ; 
Project : Purchase order ; 
Job: $91682E Status: Final 


Arsenic 
Barium 
Bicarbonate 
Cadmium 
Calcium 
Chloride 
Chromium 
Copper 
Fluoride 
Iron 

Lead 
Magnesium 
Manganese 
Mercury 
Nitrate 
Phosphate 
Potassium 
Selenium 
Silica 
Sodium 
Total Dissolved Solids 
Sulfate 
Zinc 
Radium-226 
Thorium-230 
Uranium 


caw ee pa ES eA heen eS 


FEB 4 36 15:56 
18000 W, 6TH AVE., SUITE 300 
GOLDEN, COLORADO 80401 
’ PHONE: (303) 277-1687 
sRRINGER LABORATORIES INC. 1 Baw wee. su 38 
— SPARKS, NEVADA 8943) 
PHONE; (702) 368-1158 
30-Jan-90 
vasebolt 
“A FUELS NUCLEAR Page: 4 
/ Box 36 Copy: 2 of 2 
/Monia, AZ 86022 Set : Z 
ra 
“ puthority: Larry Casebolt 
Project : Purchase order : 
: 91682E 3 Z Final 
Units: 
mg/1 : milligrams per liter. 
umho/cm ¢ micromhos per centimeter at 25¢ 
pci/l : picoCuries per liter 
20% : * Counting error at the 95% confidence level, 20 
Quality control: 
< : less than 


skal a. 


Gary Zito 
Laboratory Supervisor 


ADVANCED TECHNIQUES AND INSTRUMENTATION FOR THE EARTH SCIENCES 


SIGNED 


ND 3 INTACT - POLY PAK (50 SETS) 4P472 


RTS 
ART 3 WILL BE RETURNED WITH REPLY. 


energy fuels nuclear, inc. 


one tabor center * suite 2500 (303) 623-8317 
1200 seventeenth street * denver, colorado 80202 twx 910-931-2561 
fax 303-595-0930 


February 19, 1990 


Mr. Gary Ullinskey 
Ms. Abigail Myers 
Water Permits Unit 
Arizona Department 

of Environmental Quality 
2005 North Central Avenue 
Phoenix, Arizona 85004 


RE: Hermit Mine; Groundwater Protection Permit #G-0035-08 


Dear Gary and Abby: 


This letter follows the submission last week by Energy Fuels 
Nuclear, Inc. ("Energy Fuels") of two reports regarding 
groundwater monitoring at the Hermit Mine. In recent discussions 
with the hydrology unit, we advised the Department that mining 
operations have ceased at the Hermit Mine and that we are in the 
process of implementing the preliminary steps to final closure of 
the facility. I am providing each of you with a copy of this 
letter and the enclosure, a report from an engineering consulting 
firm, Behre Dolbear & Company, Inc. ("Behre Dolbear"), describing 
our closure plan in light of the requirements of the Groundwater 
Protection Permit for the Hermit Mine. 


Given the very short life of the Hermit facility, it may be 
of some assistance to the Department to attempt to place our 
operations at Hermit in some relative perspective. 


As you know, the Hermit Mine is located in an area of mining 
activity located north of the Grand Canyon. The Hermit is 
approximately six miles west of the Kanab North Mine and 
approximately twelve and one-half miles southwest of the Pigeon 
Mine. 


The area in which the Hermit Mine is located was first 
recognized as a potential prospect by Energy Fuels personnel in 
1981. Mining claims were staked in the area and exploration work 
began in 1982. Initial drilling operations began in 1983 and 
continued until mid-1986 with the delineation of a minable 
breccia pipe ore body. Some 33 deep bore holes and some 9 
stratigraphic bore holes were drilled during the exploration 
program. 
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At the completion of the surface exploration program, minable 
reserves in excess of 2,000,000 pounds of uranium concentrates 
were anticipated to occur within the property boundaries. 
Consequently, the life of the mine was estimated to be between 5 
and 8 years. 


A Plan of Operations, dated February, 1987, was approved by 
the United States Bureau of Land Management during 1987 and a 
groundwater protection permit was issued for the facility on 
January 8, 1988. Construction of the mine began with the 
establishment of surface facilities. The underground development 
of the facility was completed in 1989. 


Mining commenced in 1989 and by year-end we had mined 
approximately 32,000 tons of uranium ore containing approximately 
464,000 pounds of uranium concentrates. 


to the indications from the surface exploration program, once 
underground we discovered that the uranium bearing ores were 
concentrated in rings near the &Xterior boundaries of the breccia 
pipe rather than in the breccia pipe itself. Through continuous 
underground exploration in 1989, we demonstrated the extent of 
minable reserves to be just slightly in excess of 500,000 pounds 
of uranium concentrates. Commencing in June of 1989 and ending 
in January of 1990, the minable reserve was mined. Ore 
recoveries through the life of the mine totalled approximately 


500,000 pounds of uranium concentrates, or approximately 25% of 
anticipated mine life. 


At this time, we have ceased operations and have initiated 
the removal of underground machinery, etc. in anticipation of 
closure of the mine. Work on the initial steps of the closure 
plan described in the Behre Dolbear report has begun with a view 
toward accomplishing the plan in a fairly short time frame. 


As part of the closure process for the Hermit facility, 
Energy Fuels personnel and consultants have continued their 
analyses of the groundwater regime surrounding the Hermit 
facility. Under our original assumptions of a mine life of 
between 5 and 8 years, we expected to essentially de-water the 
perched zone as well as the breccia pipe itself. Given our 
mining period of less than one year, we are, at this time, still 
experiencing a mine inflow from the perched zone of the Coconino 
Horizon of some 15 to 20 gpm. One of our preliminary steps in 
formulating our closure plan was to identify the most feasible 
manner of isolating the perched zone from communication with 
other formations, principally the regional aquifer in the area, 
the Redwall-Muav Aquifer. 
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We have several reasons to expedite 
the closure process. First, immediate closure of the mine will 
permit us to reestablish the integrity of the perched zone, 
thereby allowing the groundwater to remain in its original 
horizon. Second, the cost of keeping the mine on stand-by status 
is approximately $30,000 per month. Given the highly 
disappointing nature of the Hermit reserve, such a continuous 
outlay is significant. Third, we could use much of the physical 
plant from the Hermit facility at our planned Arizona One 
Project, which will be progressing in the very near future. 


As described in the Behre Dolbear report, to accomplish the 
isolation of the perched zone, we need to backfill the shaft with 
native waste rock obtained during shaft sinking to the level 
indicated in the attached schematic. Obviously, once we have 
isolated that perched zone, further access to the mine workings 
is essentially eliminated. K/C aquifer is continuous, it just deepens to the Supai 

group - See Kanab North well log 55-509198 

As noted in our prior reports submitted to the Department 
regarding water quality, Energy Fuels believes that the Hermit 
Mine operation has not had, nor will it have, any effect on the 
Redwall-Muav Aquifer, the only significant and continuous source 
of groundwater in the area. Based on our review of existing data 
and our knowledge of activities in the general area of the mine, 
we do not believe there are any other users of the Redwall-Muav 
Aquifer in the general geographic area of the mine. There is, 
obviously, communication between the Redwall-Muav and the 
Colorado River through discharge points located in the north rim 
of the Grand Canyon. The results from the samples obtained to 
date certainly do not indicate any effect on the Redwall-Muav 
aquifer from our mining operation. 


As noted in the reports, we intend to continue to monitor the 
water well after closure of the mine to ascertain a more 
representative number of samples to allow us and the Department 
to better analyze the water quality. 


As noted, the enclosed general plan for closure presents our 
intentions and plans for isolating the current water source in 
the Coconino formation and as also noted, we are desirous of 
expediting our closure activities at the Hermit facility. Once 
you have had an opportunity to review the information contained 
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in the closure plan, we would welcome an opportunity to discuss 
with you and other Department staff, if advisable, the Hermit 
facility and our closure operations. 


Sincerely, 


uh eres 
Rich A. Munson 
Corporate Counsel 


/ram 
Enclosure: Report by Behre Dolbear 
& Company, dated February, 1990 
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energy fuels nuclear, inc. 


one tabor center * suite 2500 (303) 623-8317 
1200 seventeenth street * denver, colorado 80202 twx 910-931-2561 
fax 303-595-0930 


February 13, 1990 


Ms. Abigail A. Myers 
Environmental Program Specialist 
Water Permits Unit 
Arizona Department of Environmental Quality 
2005 N. Central 
Phoenix, Arizona 85004 


RE: Hermit Mine 
Dear Abby: 
Enclosed herewith, please find copies of the following: 


ee Hermit Mine 
Groundwater Monitoring Report Mining Phase and, 


2. Hermit Mine 
Permining Water Quality Report 


If you should have any questions, please feel free to contact 
the undersigned. 


Sincerely, 


CHEER wins 


Rich A. Munso 
Corporate Counsel 


RAM/kmd 
Enclosures (2) 
FEDERAL EXPRESS #3968460414 


HERMIT MINE 
GROUNDWATER MONITORING REPORT 
MINING PHASE 


SUBMITTED TO 
ARIZONA DEPARTMENT OF ENVIRONMENTAL 
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Hermit Mine 
Groundwater Monitoring Report 
Mining Phase 


Introduction 


The Hermit Mine operates under the terms and conditions of the 
Hermit Mine Groundwater Protection Permit #G-0035-08. Section 
II.B.1.b. of the Permit outlines groundwater monitoring actions 
which must be taken during the mining phase of operations. This 
report presents and summarizes data collected during the mining 
phase. 


Table I lists the dates, types and purposes of samples included 
within this report. 


Discharge Monitoring 


The Hermit Mine Facility was designed as a non-discharging 
facility. The surface facilities associated with the mine have 
been designed so that all surface water drains to lined surface 
impoundments. Mine water produced during mining operations has 
been pumped to the lined surface impoundments for evaporation or 
for use within the mine operations area for dust suppression. 


A septic system with an associated leach field has been 
constructed at the Hermit Mine for disposal of sewage and wash 
water only. In compliance with provisions of the Groundwater 
Protection Permit, septic system effluent is sampled on an annual 
basis and analyzed for the parameters listed in II.B.2.b. 


An annual septic system sample was obtained by bailing from the 
septic tank through the clean-out port. Analytical results are 
presented as Attachment I to this report. 


Impoundment Monitoring 


Only one pond was originally lined 
The lined evaporation ponds are inspected visually on a daily 


basis by mine personnel. Once a month a formal inspection is 
performed by the Mine Superintendent and documented on a Safety 
and Environment Inspection Form. No mechanical damage to the 
liner has been detected. Adequate freeboard has been maintained 
throughout the mining operation. 


TABLE I 


Summary of Mining Phase Groundwater Samples 


Sample Sample Sample Sampling Monitor 

Rate Number Purposes Parameters Period 

06-27-89 HER 043 Mine Sump il .B.2.6 2°¢ Quarter 
06-29-89 HER 044 Monitor Well II.B.2.a Qnd Quarter 
06-27-89 HER 045 Shaft Sample II.A.2.b 2°¢ Quarter 
09-21-89 HER 048 Monitor Well IL .A.2.6 3°? Quarter 
09-21-89 HER 049 Sump Sample II.A.2.b 39 Quarter 
09-21-89 HER 050 Shaft Sample LE Aha Zod 3°? Quarter 
10-19-89 HER 051 Confirmation II.A.2.b 2°49 Quarter 

Sample 


10-02-89 HER 18-45 Septic Sample II.A.2.b Annual 


Would be an example of R/M water 


Where was the confirmation sample collected from, and 
why was a 2nd Quarter sample collected on October 19th? 


Groundwater monitoring of the water supply/monitoring well, 
Department of Water Resources Well Registry #55-518877 has taken 
place on a quarterly basis during the mining phase. Samples HER 
044 and HER 048 represent Second and Third Quarter, 1989 sampling 
data. Results are included in Attachment II. 


Sample HER 044 was sampled for the list of parameters listed in 
II.B.2.a (Indicator Parameters), as per requirements of the 
Groundwater Protection Permit. It was determined after review of 
HER 044 that sample analysis indicated concentrations of iron 
(Fe), manganese (Mn) and uranium (U) in excess of maximum ground- 
water limits as established in the premining period (Refer to 
Hermit Mine Premining Water Quality Report). A confirmation 
sample for the comprehensive list of parameters contained in Part 
II.B.2.b was then taken on October 19, 1989 and is identified as 
HER 051. HER 051 results are contained within Attachment II. 


Table II, Mining Water Quality Results, presents a comparison of 
monitor well water quality analysis results (HER 044, 048 and 
051) to maximum groundwater limits as determined following 
procedures in the Groundwater Protection Permit. 


Several possible explanations for the exceedances exist. The 
most likely explanation is 


field has resulted in increased levels of radionuclides and other 
constituents within well water. According to field personnel 
responsible for sample collection, a noticeable change in the 
amount of suspended solids occurred during January and February, 
1989. 


Which may be Fe+3 precipitating out of solution? 


HERMIT MINE GRDW RESULTS-MINING 


21-DEC-89 14:45:17 Pg 1 


Pre-mining samples were collected from boreholes, one from 


within nie oreecs pipe and gne outside of the pipe 


D E F G 


1 PARAMETERS , PREMINING SAMPLE RESULTS SAMPLE RESULTS SAMPLE RESULTS SAMPLE RESULTS MAXIMUM 
2 UNITS SAMPLE STANDARD HER 044 HER 048 HER 051 ACCEPTABLE 
3 MEAN DEVIATION 06-29-89 09-21-89 10-19-89 VALUE 
4 

5 As, mg/l 0.012 0.0060 0.004 0.008 0.022 0.0241 
6 Ba,mg/! 0.022 0.0179 0.02 0.02 0.01 0.0578 
7 Cd,mg/ 0.005 0.0112 0.006 0 0 0.0274 
8 Cu,mg/! 0.022 0.0110 0.02 0 0 0.0439 
9 Fe,mg/I 6.98 2.1157 12 11.6 4.71 11.2114 
10 Pb,mg/I 0.03 0.0671 0 0 0 0.1642 
11 Mn,ag/! 0.106 0.0404 0.23 0.49 0.39 0.1867 
12 Hg,mg/! 0.00054 0.0005 0 0 0 0.0016 
13 Se,mg/| 0.0152 0.0138 0.02 0.009 0.023 0.0428 
14 Ag,ag/! 0.01 0.0100 0 0 0 0.0300 
15 Zn,mg/| 0.0678 0.0603 0.077 0 0.013 0.1885 
16 U,ag/| 0.0025 0.0003 0.0035 0.0043 0.0064 0.0030 
17 Alk as CaC03,mg/! 157.4 1.6733 150 0 160.7466 
18 HC03 as CaC03,mg/! 157.4 1.6733 150 150 160.7468 
19 CO3,mg/! 0 0.0000 ft) 0.0000 
20 Ca,ag//I! 547 36.5718 542 647 620.1437 
21 Cl ,mg/! 41.2 1.4370 40 39 44.0740 
22 Cr,mg/! 0.08 0.0663 0 0.01 0.2127 
23 F,mg/! 1.37 0.0815 1.28 1.43 1.5331 
24 Mg, ag/! 181.6 8.9331 186 201 199.4662 
25 P04, mg/! 0 0.0000 0 0 0.0000 
26 K, mg/l 23.28 2.6957 24.2 31.6 28.6715 
27 Si02,mg/I 12.42 0.9602 11.5 9.8 14.3404 
28 Na,ag/| 74.8 5.4649 76 102 85.7298 
29 S04,mg/1 2226 99 3982 2280 2280 2424 7964 
30 TDS, ag/! 3456 29.6648 3440 3220 3515 .3296 
31 N03 as N,ag/! 0.14 0.3130 0 0 0.7661 
32 Gross alpha,pCi/| 20.4 31.7616 28 19 78 83.9232 
33 Gross beta,pCi/| 33 5.2440 40 41 64 43.4881 
34 Th230,pCi/! 0.34 0.3286 0.2 0 0.9973 
35 Ra226, pCi/! 1.96 1.2054 3.3 0.8 4.3708 
36 Electrical conductivity, 3324 115.4556 3470 3600 3554 9112 
37 ushos/ca 0 0.0000 0.0000 
38 pH, units 7.5525 0.3500 6.92 6.8525 
39 TSS,mg/! 32.25 37.3486 0.0000 
40 

TABLE ITI 


Mining Water Quality Results 


See septic tanks concentrations pages 341-342 
U=39 ppb (11/30/1989 results) 
Gross alpha = 195 pCi/L 


Or Fe+3 
precipitating 
out of solution 


The method 
used for U 
detection in 
1989 could 
not have 
measure a U 
concentration 
this low and 
original 
sample 
should have 
been filtered 


The color of well water changed from nearly clear to red in 
color. The red color is apparently due to increased silt and 
fine sand from the Redwall-Mauv formation. The increased 
suspended solids could indicate that continued pumping of the 
well for operational purposes is resulting in increased fine 
sediment from the production zone within the Redwall-Mauv 
aquifer. Possible sources of fine sediment and sand are silty 
sandstone layers within the Redwall-Mauv formation. The 
existence of these layers is well documented in Billingsley 
(1985). The introduction of additional suspended sediment may be 
a source of higher concentrations of some chemical constituents 
in monitoring samples. Additionally, since radionuclides are 
analyzed for total concentrations (dissolved and suspended 
constituents), increases in sediment contribute to greater 
concentrations. 


In order to test this theory, two Hermit Mine monitor well 
samples have been analyzed again for both dissolved and total 
uranium concentrations. Comparison of uranium analyzed for both 
dissolved and total uranium within the same sample shows dramatic 
reduction in uranium content when considering only dissolved 


uranium. The Fourth Quarter, 1989 groundwater monitoring well 
sample (HER 052; submitted under separate cover) indicates 
dissolved uranium at a concentration of 0.003 mg/l. Total 


uranium is shown as 0.024 mg/l. The concentration of 0.003 mg/l 
is within maximum groundwater limits. Also, reanalysis of sample 
HER 048 indicates a similar reduction in uranium concentrations 
from 0.0041 mg/l total uranium to 0.0011 mg/l dissolved uranium. 
Barringer Labs could not measure to this precision 

Sampling and/or analytical procedures and variability are other 
sources of possible error. Groundwater monitoring samples are 
collected following procedures outlined in the Groundwater 
Protection Permit and recommended sampling protocols outlined in 
EPA publication EPA/600/2-85/104, "Practical Guide for 
Groundwater Sampling". Sampling procedures include appropriate 
field filtering with a 0.45 micron filter after voiding the well 
casing volume, preservation of samples with appropriate 


Lab could not 
measure 
concentrations 
below 

0.005 mg/L 


stabilizing chemicais, cooling of samples to below 4°C and usual 
This is untrue~ , , 
some holding HOLL times between laboratory and sampling of between 12 and 
raps hours. Also, Chain of Custody forms are completed and 
ea wee 

maintained as documentation. Sampling error has been minimized 


through adherence to these procedures. 


The accuracy of analytical techniques and equipment is another 
possible source of error. Parameters indicating concentration 
increases in the 0.1, 0.01 or 0.001 of a mg/l must be viewed in 
the context of the accuracy and variability of equipment and 
laboratory techniques. Individual sample analysis can not be 
viewed as a reliable indicator of real trends in groundwater 
quality at negligible concentration levels. Only repeated 
sampling with adequate quality control can be relied upon to show 
real trends. 


TABLE III 
Mine Inflow During Mining 


Month/1989 Total Volume (Gallons) 
June 527,800 
July 660,672 
August 678,528 
September 777,600 
October 758,880 
November 734,400 


December 669,600 


Other possible sources of apparent high concentrations of some 
constituents in groundwater are natural causes related to the 
season, variations in precipitation amounts or other unidentified 
temporally or spatially related factors. A total of only eight 
samples have been taken to date, spanning a time period of less 
than two years. This is an inadequate number of samples and too 
short a time frame to detect naturally occurring changes in 
groundwater quality. 


Mine Inflow Monitoring 


Table III illustrates mine inflow volumes as determined by a 
totaling flow meter measuring discharge from the mine sump to the 
surface evaporation pond. Water was produced almost entirely 
from the area just above the Coconino sandstone-Toroweap lime- 
stone contact. The location for the monitor point for water 
quality inflow is located 908 feet below the shaft collar 
elevation as shown on Plate 1 of the Premining Water Quality 
Report. 


Water quality samples and analysis have been obtained from both 
the monitor point in the shaft and the mine sump. Samples HER 
045 and 050 are shaft inflow monitoring samples and are included 
in Attachment III, Shaft Water Monitoring Samples Analysis. 
Samples have been analyzed for the parameters listed in II.B.2.b. 
Samples HER 043 and 049 are samples taken from water originating 
in the mine sump and analyzed for the parameters listed in 
II.B.2.b. Water quality analysis for these analysis are included 
in Attachment 4. 


Contin irements 


Pursuant to provisions of Section II.C, Contingency Requirements, 
in the Groundwater Protection Permit, EFN hereby notifies the 
ADEQ of an exceedance of alert levels in the HER 044 monitor well 
sample (taken 06/29/89) for indicator elements iron, manganese 
and uranium. HER 051, taken 10-19-89, is the confirmation sample 
which indicated a continued exceedance of maximum groundwater 


limitations for manganese and uranium, but not iron. Additional- 
ly, the confirmation sample showed exceedances in magnesium, 


potassium, sodium, gross beta and electrical conductivity. 
Then why did U 


aencentrations Wise? Why is there U in the septic water ? 


Redwall-Muav aquifer has been impacted by mining operations in 
anyway. Detailed evaluation of the site specific hydrogeology of 
the area was performed by Canonie Environmental and presented to 
the ADEQ in the report, "Potential Impacts of Mining on 
Groundwater Resources, October, 1987". Other researchers, such 
as Huntoon (1974) and (1982), Levings (1979) and Metzger (1961) 
have studied and described the hydrogeology of the Grand Canyon 
area as well. These investigations all note the very low 
transmissivities of the Hermit Shale to groundwater flow, except 
where major faults allow downward vertical flow. It is also well 
documented that the geologic profile is unsaturated to the 
Redwall-Mauv limestones, except for localized perch zones, such 
as the Coconino sandstone-Hermit shale interface at the Hermit 
Mine site. Based upon the best available evidence from numerous 
sources, the likelihood of groundwater communication between the 
mine workings and Redwall-Mauv aquifer is remote. 


In the unlikely event that communication between the mine 
workings and the Redwall-Mauv aquifer were taking place, impacts 
to the Redwall-Mauv aquifer would be negligible. Although the 
most recent sample (HER 051) indicates seven parameters with 
concentrations in excess of maximum groundwater limits, these 
limits, in absolute terms, are very low. Maximum groundwater 
limits are based on the premining water quality average plus two 
standard deviations of the sampling mean. Thus, maximum 
groundwater limits are based on background concentrations, and 
are not health based standards. 


Three of the seven parameters (Mn, SO, and TDS) have a federal 
secondary drinking water standard associated with them. In all 
cases, the premining mean (baseline) of sample results exceeds 
the secondary standard. Secondary drinking water standards apply 
principally to aesthetics of drinking water and are not health 
based, except at much high concentrations. 


EPA MCL U = 30 ppb (2000 lowered from 1977) 


Three parameters (U, Na, Mg) have no primary or secondary 
drinking water standard associated with them. Uranium concentra- 
tions are reflected in gross alpha radiation determinations. 
Since the premining baseline already exceeds the primary drinking 
water standard and gross alpha radiation determinations fall 
within maximum groundwater limitations, increased uranium 
concentrations are not considered an immediate concern. 


Gross beta might exceed the 4 MREM/year primary drinking water 
standard, depending on the proportions of various radionuclides 
contributing to the gross beta measurement. 


Proposed Actions and Summary 


Energy Fuels Nuclear has investigated the site hydrogeology at 
the Hermit Mine and on the basis of all existing available 
information, believes that apparent exceedances of maximum 
groundwater limits are attributable to causes other than contam- 
ination as a result of mining activities. Possible causes for 
the apparent exceedances have been listed and briefly discussed 
in the Water Quality Results section of this report. 


Energy Fuels Nuclear’s proposed approach to determining the 
cause(s) of the apparent exceedances is to augment the existing 
monitoring program in an attempt to confirm or eliminate sources 
of error. The following actions are proposed: 


¢ Accelerate sampling to a monthly basis for the monitoring 
well and perform analysis for the full series of 
parameters listed in II.B.2.b in order. 


¢ Evaluate the feasibility of using radiochemical or 
colored tracers carbon dating of water or use of stable 
isotope analysis to determine the relative age and/or 
source of groundwater in the monitoring well. The 
feasibility of using these techniques will be discussed 
in the next quarterly monitoring report. 


¢ Initiate additional quality control into the sampling and 
analytical processes by obtaining split samples and 
submitting samples to two different laboratories for 
comparison. 


e Analyze groundwater samples for both total and dissolved 
radionuclides to determine the effects of increased 
suspended matter in groundwater samples. 


¢ Analyze groundwater samples for all major radionuclides 
within the U-238 decay chain to determine specific 
sources of alpha contamination. 


These steps are proposed for a three month period. After receiv- 
ing this information, it will be compiled, evaluated and 
presented to ADEQ for review and discussion. 
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SEPTIC ANNUAL MONITORING RESULTS 
Septic water would be originally from the R/M water well, the mine’s 


office and showers were drawing off of the R/M well (ADWR 
55-518877) 
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Larry Casebolt 


ENERGY FUELS NUCLEAR 


P.O. Box 36 
Fredonia, AZ 


Authority: 
Project 


Job: 91246E 


Alkalinity 
as Caco3 


15000 W. 6TH AVE... SUITE 300 
GOLDEN, COLORADO 80401 
PHONE: (303) 277-1687 


BARRINGER LABORATORIES INC. M8 DEMING WAY, SUITE 15 


SPARKS, NEVADA 89431 
PHONE: (702) 368-1158 
30-Nov-89 
Page: 1 
Copy: 1of 2 
Set ;: 1 
Purchase order : 
Status: Final 
Sample Type: Water 
HCO3 ca Ca cl 


Total Total as CacO3 Total Total 


Sample Id __mg/l__ _mg/l_ _mg/l_ _mg/) _mg/l_ _mg/)_ _mg/)_ 


HER 18-4S 


More alkaline than 
monitoring well 


cr 


Total Conductance 


479 <0.005 475 859 Cl- >20x higher 
Ca =20% than monitoring 
lower 

F Fe Pb Mg 
Total Total Total 


Sample Id _mg/l umho/em mg/l mg/l mg/l mg/l mg/l 


HER 15-4S <0.01 


1.20 0.45 <0.02 147 


Mn NO3 as N PO4 as P K Se $io2 
Total Total Total Total 
Sample Id _mg/l mg/l mg/l mg/l mg/l mg/l mg/l 


HER 1S-4S 0.29 


Ag 


Total Total 


5.8 42.5 0.018 11.1 


zn Gross Alpha 
Total Total Error 


Sample Id _mg/l_ _mg/l_ _mg/l_ _mg/l_ _mg/l_ ___pCi/l_s 2g*@ 


HER 18-4S <0.01 


Gross Beta 
Total 


Sample Id pci/l 


HER 18-4S 


2100 0.572 195 +40 


Th-230 U 


Error Total Error Total Error Total 


pci/l 20* _pCi/l 20*  _mg/l_ 


+3 5.4 +1.4 0.039 


U=39 ppb but would be 
higher if gross alpha is 195 
pCi/L s/b=290 ppb 


ADVANCED TECHNIQUES AND INSTRUMENTATION FOR THE EARTH SCIENCES 


18000 W. 6TH AVE., SUITE 300 
GOLDEN, COLORADO 80401 


PHONE: (303) 277-1687 
BARRINGER LABORATORIES INC eT eT 
SPARKS, NEVADA 89431 
PHONE: (702) 358-1158 
30-Nov-89 
Larry Casebolt 
ENERGY FUELS NUCLEAR Page: 2 
P.O. Box 36 Copy: 1of 2 
Fredonia, AZ 86022 Set : 1 
Authority: 
Project : Purchase order : 


Abbreviations: 


Analyses; 
As : Arsenic 
Ba : Barium 
HCO3 : Bicarbonate 
ca : Cadmium 
Ca : Calcium 
eal : Chloride 
cr : Chromium 
Cu : Copper 
F : Fluoride 
Fe : Iron 
Pb : Lead 
Mg : Magnesium 
Mn : Manganese 
Hg : Mercury 
NO3 as N : Nitrate 
PO4 as P : Phosphate 
K : Potassium 
Se : Selenium 
$io02 : Silica 
Ag : Silver 
Na : Sodium 
TDS : Total Dissolved Solids 
SO4 : Sulfate 
zn s Zine 
Ra-226 : Radium-226 
Th-230 : Thorium-230 
U : Uranium 


AOVANCED TECHNIQUES AND INSTRUMENTATION FOR THE EARTH SCIENCES 


15000 W. 6TH AVE., SUITE 300 
GOLDEN, COLORADO 8040! 
PHONE: (303) 277 1687 


BARRINGER LABORATORIES INC. 1455 OEMING WAY, SUITE 15 


SPARKS, NEVADA 89431 
PHONE: (702) 358-1158 
30-Nov-89 
Larry Casebolt 
ENERGY FUELS NUCLEAR Page: 3 
P.O. Box 36 Copy: lof 2 
Fredonia, AZ 86022 Set : i 
Authority: 
Project : Purchase order : 
Job: 891246 tus: ina 
Units: 
mg/l : milligrams per liter 
pmho/cm : micromhos per centimeter at 25C 
pcis i : picoCuries per liter 
20* : * Counting error at the 95% confidence level, 20 
u trol: 
< : less than 
Signed: 


sida Pee B a AL ae aadd ad edGe ainnls 
Gary Zito 
Laboratory Supervisor 
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Larry Casebolt 
ENERGY FUELS NUCLEAR Page: 4 
P.O. Box 36 Copy: i1o6f 2 
Fredonia, AZ 86022 
Authority: 
Project : Purchase order : 
Job: 891246E tatus;: ina 
QUALITY CONTROL DATA SHEET 
Time Received: 9:00 Date: 10/2/89 By: T.Moncrief Via: UPS 
Sample Container Type: large cube 
Sample Type: water 
Preservative When Received: 1.HNO3 2.H2S04 3.none 4.Na0H 
Additional Lab Preparation: none 
Date(s) of 
Parameter Ref Method LLD Preservative Analyst Analysis 
Alkalinity 1 210.2 1 mg/l 3 Swanson 10/18 
As 1 206.2 0.001 mg/l 5b Gilleland 10/18 
Ba 1 200.7 0.01 mg/l pA Hidalgo 10/25 
Cd 1 200.7 0.005 mg/l 1 Hidalgo 10/25 
Ca 1 200.7 0.01 mg/l i Hidalgo 10/25 
i 1 325.2 1 mg/l 3 Hobbs 10/13 
cr 1 200.7 0.01 mg/l i Hidalgo 10/25 
Sp.Cond. uu 120.1 0.001 umho/cm 3 Hencmann 10/13 
Cu i! 200.7 0.01 mg/l 1 Hidalgo 10/25 
F nF 340.2 0.05 mg/l 3 Acree 10/23 
Fe 1 200.7 0.01 mg/l 1 Hidalgo 10/25 
Pb = 4 200.7 0.02 mg/l 2 Hidalgo 10/25 
Mg i 200.7 0.01 mg/l i Hidalgo 10/25 
Mn Zi 200.7 0.01 mg/l 1 Hidalgo 10/25 
Hg 1. 245.1 0.0002 mg/l 1 Swanson 10/13 
NO3 1 353.01 0.1 mg/l 2 Hobbs 10/9 
PO4 i 365.1 0.1 mg/l 3 Hobbs 10/11 
K 1 200.7 0.5 mg/l 2. Hidalgo 10/25 
Se 1 270.2 0.001 mg/l a Gilleland 10/19 
Sio2 i. 200.7 0.01 mg/l 1 Hidalgo 10/25 
Ag sf 200.7 0.01 mg/l - Hidalgo 10/25 
Na 1 200.7 0.01 mg/l 1 Hidalgo 10/25 


AOVANCED TECHNIQUES AND INSTRUMENTATION FOR THE EARTH SCIENCES 


18000 W. 6TH AVE., SUITE 300 
GOLDEN, COLORADO 8040! 


~ PHONE: (303) 277.1687 
BARRINGER LABORATORIES INC. 1455 DEMING WAY, SUITE 15 
SPARKS, NEVADA 89431 
PHONE: (702) 358-1158 
30-Nov-89 
Larry Casebolt 
ENERGY FUELS NUCLEAR Page: 5 
P.O. Box 36 Copy: 1of 2 
Fredonia, AZ 86022 
Authority: 
Project : Purchase order : 
Job: 891246 tus: ina 
TDS 1 160.1 10 mg/l 3 Acree 10/16 
S04 a} 375.3 5 mg/l 3 Acree 10/16 
an 1, 200.7 0.005 mg/l al Hidalgo ; 10/25 
Gr.Alpha 4 === 1.0 pci/l 3 Seidel 11/2-11/17 
Gr.Beta 4 --- 2.0 pci/l 3 Seidel 11/2-11/17 
Ra-226 4,7,14 --- 0.2 pci/l 3 Howard 10/31=-11/2 
Th-230 so --- 0.2 pci/l 3 Jackson,Ortiz 11/7-11/10 
U 4,9,10,14 --- 0.3 ug/l ? 3 Krizman 10/18-11/20 


ADVANCED SECOHN QUES AND INS'RUMENTATION FOR THE EARTH SCIENCES 


Larry Casebolt 


ENERGY FUELS NUCLEAR 


P.O. Box 36 
Fredonia, AZ 


Authority: 
Project : 
Job: 2 

DU 

Sample 

Identification Parameter 
HER 1S8-4S Alkalinity 
HER 1S-4S As 
HER 1S-4S Ba 
HER 1S8-4S cd 
HER 1S-4S Ca 
HER 1S5-4S Cl 
HER 1S-4S Cr 
HER 1S-4S Sp.Cond. 
HER 1S-4S Cu 
HER 1S-4S Fe 
HER 1S5-4S Pb 
HER 1S-4S Mg 
HER 1S-4S Mn 
HER 1S-4S Hg 
HER 1S8-4S NO3 
HER 1S-4S PO4 
HER 1S8-4S K 
HER 1S8-4S Se 
HER 1S-4S $io2 
HER 1S-4S Ag 
HER 1S-4S Na 
HER 15-48 How is Gross Zn 
HER 1S-4S Beta higher Gr.Alpha 
HER 1S-4S than Gross Gr. Beta 


HER 1S-4S Alpha? 


ADVANCED TECHNIQUES AND INSTRUMENTATION FOR THE 


U 


BARRINGER LABORATORIES INC. 


Purchase order ; 


S 


Result 


479.0 


-007 
-02 
<.005 

475 


Result 


482.6 
-007 
02 

<.005 

476 


15000 W 6TH AVE., SUITE 300 
GOLDEN, COLORADO 80401 
PHONE: (303) 277-1687 


1455 OEMING WAY, SUITE 15 
SPARKS, NEVADA 89431 


PHONE: (702) 358-1158 
30-Nov-89 
Page: 6 


Copy: 1 o£ 2 


Relative Deviation 
% From Mean 


rN 
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EARTH SCIENCES 


15000 W. 6TH AVE., SUITE 300 
GOLDEN, COLORAOO 80401 
PHONE: (303) 277-1687 


BARRINGER LABORATORIES INC. 1488 DEMING WAY, SUITE 15 


SPARKS, NEVAOA 89431 
PHONE: (702) 358-1158 


30-Nov-89 
Larry Casebolt 
ENERGY FUELS NUCLEAR Page: 7 
P.O. Box 36 Copy: 1of 2 


Fredonia, AZ 86022 


Authority: 


Project 


raf ° 


Parameter 


Gr.Alpha 
Gr.Beta 
Ra-226 
Th-230 

U 


What does this have to do with the septic water monitoring? 


Purchase order : 


QUALITY CONTROL STANDARDS 


Cert. Relative Deviation Spike % 


Result Result Target Range % From Known Recovery 
-097 -100 -080 - .118 3 am 
.97 97 -89 - 1.09 0.0 96 
-209 -200 -180 = .220 4.5 104 
254 250 225 - 275 1.6 104 
25.3 26.05 24.1 - 27.7 2.9 --- 
- 206 -200 180 - .220 3.0 100 
-200 -200 180 = .220 0.0 99 
~52 -50 -45 = .55 3.9 103 
-216 -200 -180 = .220 8.0 120 
- 206 -200 -180 -220 3.0 93 
242 250 225 = 275 3.2 108 
- 208 -200 -180 -220 4.0 104 
-008 -008 -007 = .009 0.0 100 
2.06 1.98 1.78 - 2.18 4.0 -<- 
247 -50 46 = 54 6.2 — 
10.0 10.0 9.0 - 11.0 0.0 85 
-009 -009 -006 = .012 0.0 <= 
294 1.00 -90 = .110 6.0 --- 
1.04 .99 -89 - 1.09 5.0 101 
249 250 225 - 275 0.4 101 
1408 1479 1331 = 1627 4.9 << 
1062 1000 900 = 1100 6.0 =< 
- 207 »200 -180 = .220 3.5 118 
193 + 4 198 178 - 218 2.5 “<= 
164 + 2 179 161 - 197 8.4 <<< 
108 + 3 101 96 - 106 7.0 <<< 
102 + 3 99 94 - 104 3.0 =s= 
35 34 32 - 36 2.9 =—<—=— 


Approved by: A ; = ae 
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ATTACHMENT 2 


SECOND AND THIRD QUARTER, 1989 i ctatieataaies 
WELL MONITORING RESULTS What “monitoring” well’ 


AND 
SECOND QUARTER, 1989 CONFIRMATION SAMPLE RESULTS 


AUG-24-' 39 18:43 
Not faxed from lab 


BARRINGER LABORATORIES INC. 


Energy Fuels 

P.O. Box 36 
Fredonia, AZ 86022 
ATTN: L. Casebolt 
Client No. 

Sample Type: water 


Date Collected: 6/29/89 


Sample 
Identification 


HERO44 


Sample 
Identification 


HEROG4 


Sample 
Identification 


HERO44 


ID:FNERGYFUELS FREDONIA 


Log No. 633 


Date Received: 7/7/89 


RESULTS OF ANALYSIS 


As Ba Cd Cu 
Total Total Total Total 
mg/1 mg/1 mg/l mg/l 
004 02 .006 02 
Hg Se 
Total NO, as N Total 
_mg/d g/l _mg/1 
<,.0002 «3 .020 
Gross Alpha Gross Beta 
(Total) (Total) 
pci/liter pCi/liter 
+Precision* +Precision* 
28 + 21 40 + 1l 


TEL NO: 16@26453641 


18000 W. 6TH AVE, SUITE 300 
GOLOEN, COLORADO 90401 
PHONE: (303) 277-1687 


1466 DEMING WAY, SUITE ‘6 
SPARKS, NEVADA 0043) 
PHONE: (702) 268-1188 


Client PO No. 


Date Reported: 8/3/89 


Fe Pb Mn 
Total Total Total 
ng/1 mg/l mg/l 
12.0 <.02 23 
Ag an 
Total Total 
mg/l mg/l 
<.01 077 
Uranium 
(Total) 
mg/liter 


0.0035 3.5 ppm 


“Monitoring Well” =10x lower 
U than septic tank water 


* Variability of the radioactive disintegration process 
(counting error) at the 95% confidence level, 20 


This is from a separate 
document then the 


Approved by Anke 3 following 2 pages 
rY ECHNIQUES ANO INSTRUMENTATION FOR THE GARTH SCIENCES 


Energy Fuels 

P.O. Box 36 
Fredonia, AZ 86022 
ATTN: Larry Casebolt 


LGN: 633 


Time Received: 9:00 


QUALITY CONTROL DATA SHEET 


Ho61 P15 


Laboratories 


Barringer 

15000 W. 6th Avenue 
Suite 300 

Golden, CO 80401 
(303) 277=1687 


Date: 7/7/89 By: Gina Reichert Via: UPS 


Sample Container Type: large cube, small cube 


Sample Type: water 


Preservative When Received: 1. HNO 


3 
Additional Lab Preparation: None 
Parameter Reference Method LLD Preservative 
Arsenic 206,2 1 ug/l 1 
Selenium 1 270.2 1 ug/l 1 
Nitrate 1 353.1 0.1 mg/l 2 
Mercury 1 245.1 0.2 ug/l : 
Barium 1 200.7 10 ug/l ls 
Cadmium 1 200.7 5 ug/l 1 
Copper 1 200.7 10 ug/l 1 
Iron 1 200.7 10 ug/l 1 
Lead 1 200.7 2 ug/l 1 
Manganese 1 200.7 1 ug/l 1 
Silver 1 200.7 10 ug/l 1 
Zinc 1 200.7 5 ug/1 1 
Alpha-Beta 4 1.0,2.0 pci/l 3 
Uranium 4,14 0.3 ug/l 3 
LLD for U is 5 not 0.3 
DUPLICATES 
Sample. 
Identification Parameter Result Result 
HEROGSG Arsenic 004 005 
HERO44 Selenium 019 .019 
HERO44 Nitrate a | 
HERO44 Mercury <.0002 <.0002 
HERO44 Barium 02 02 


Approved by K.Zih . 


2. H,SO, 3. None 4. NaOH 


Date(s) of 


Analyst Analysis 


D. 


G. Gilliland 7/19/89 
G. Gilleland 7/19/89 


Hobbs 7/20/89 
Swanson 7/20/89 
Hidalgo 7/20/89 
Hidalgo 7/20/89 
Hidlago 7/20/89 
Hidalgo 7/20/89 
Hidalgo 7/20/89 
Hidalgo 7/20/89 
Hidalgo 7/20/89 
Hidalgo 7/20/89 
Kidwell 7/19~7/31/89 
Tonning 7/26-7/29/89 


Relative Deviacion 
From Mean 


20.02% 
0.0% 
0.0% 
0.0% 
0.0% 


pg. 1 of 2 


Barringer Laboratories 
15000 W. 6th Avenue 
Suite 300 

Golden, CO 80401 
(303) 277-1687 


Energy Fuels 
P.0. Box 36 
Fredonia, AZ 86022 


ATTN: Larry Casebolt 


LGN: 633 
QUALITY CONTROL DATA SHEET (cont ‘d) 
DUPLICATES (cont'd) 

Sample Relative Deviation 
Identification Parameter Result Result From Mean 
REROG4 Cadmium .006 <,005 wae 
HERO44 Copper 202 .02 0.0% 
HERO44 Iron 12.0 11.9 0.8% 
HEROG4 Lead <.02 <.02 0.0% 
HERO44 Manganese +23 +23 0.0% 
HERO44 Silver <.01 <.01 0.0% 
HERO44 Zinc .077 »074 3.9% 
HERO44 Gross Alpha 13 + 19 42 £ 23 54.0% 
HEROGS Gross Beta 39 + ll 42 + ll 3.7% 

QUALITY CONTROL STANDARDS = How are the concentrations 

No previously known? 

sample Certified Relative Deviation Spike % 

ID Parameter Result Result Target Range From Known : Recovery 
Arsenic .062 .062 -048 - .073 0.0% 100 
Selenium 009 -009 006 = .012 0.0% --- 
Nitrate 2.08 1.98 1.78 = 2.18 4.9% 101 
Mercury 005 .005 004 = .006 0.0% 100 
Barium 96 .97 87 = 1,07 1.0% 97 
Cadmium 0212 -200 .180 - .220 6.0%. 98 
Copper 205 200 «180 - .220 2.5% 104 
Iron 2219 «200 -180 = .220 9.52 --- 
Lead 181 -200 180 = .220 9.52% 97 
Manganese -207 .200 +180 = .220 3.5% 106 
Silver 90 99 89 = 1.09 9.0% 90 

' Zine -203 .200 «180 = .220 1.5% 115 

Gross Alpha 216 + 4 198 178 - 218 9.12% --- 
Gross Beta if EZ 179 161 = 197 2 ae --- 
Uraniua 33 34 32 - 36 2.92% —_- 


Approved by Barhasd bons : are 
Pe 2? 


BARRINGER LABORATORIES INC. 


Bill Almas 


ENERGY FUELS CORPORATION 
One Tabor Center 


1200-17th St. 
Suite 2500 
Denver, CO 


Authority: 
Project : 


Job: 891214E 


80202 


Purchase order : 


AMENDED REPORT 


Sample Type: Water 


Alkalinity NH4 as N 
as CaCcoO3 
Sample mg/l mg/l mg/l mg/l mg/l mg/l mg/l 


HERO 48 
HERO 49 
HERO 50 
Cl 
Total 
Sample _mg/l 
HERO 48 40 
HERO 49 38 
HERO 50 38 
Mn 
Total 
Sample _mg/l 
HERO 48 0.49 
HERO 49 0.08 


HERO 50 0.02 


No “Approved by” 


As Ba 


HCO3 
Total Total as Caco3 


Page: 
Copy: 1 
Set : 


Status: 


ca 
Total Total 


15000 W. 6TH AVE., SUITE 300 
GOLDEN, COLORADO 80401 
PHONE: (303) 277 1687 
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Ca 


150 0.3 0.008 0.02 150 <0.005 542 
116 14.5 0.530 0.01 116 <0.005 521 
203 0.3 0.006 0.01 203 <0.005 510 
Cr Specific Cu F Fe Pb Mg 
Total Conductance Total Total Total Total 
mg/l umho/cm mg/l mg/l mg/l mg/l mg/l 
<0.01 3470 <0.01 1.28 11.60 <0.02 186 
<0.01 3820 0.02 1.35 0.25 0.03 187 
<0.01 3590 <0.01 0.98 1.11 <0.02 162 
Hg Mo NO3 as N PH P04 as P K Se 
Total Total Total Total 
_mg/l__-_mg/l_~__mg/l__—s- __unit. __mg/l__ _mg/l_ _mg/1__ 
<0.0002 0.02 <0.1 6.92 <0.1 24.2 0.009 
<0.0002 6.45 31.4 6.69 <0.1 36.1 0.017 
<0.0002 0.01 <0.1 7.05 <0.1 36.4 0.011 
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Sample Type: Water 
Sio2 Ag Na TDS SO4 zn Gross Alpha 
Total Total Total Total Total Error 
Sample _mg/l_ _mg/l_ _mg/l_ _mg/l_ _mg/l_ _mg/k_ ___pCi/l 20% _ 
HERO 48 11.5 <0.01 76.0 3440 2280 <0.005 19 +18 
HERO 49 Li.2 0.02 97.8 3530 2300 0.156 29800 + 
HERO 50 9.9 <0.01 144.0 3320 2190 0.009 1400 +100 
Gross Beta Ra-226 Th-230 U o 
Total Error Total Error Total Error Total milligrams per liter/ 
Sample pci/l 20% pci/l 20% pci/l 20% mg/l parts per million 
HERO 48 41 +10 3.3 +0.6 0.2 +0.5 0.0041 
sump HERO 49 10100 +100 60 +3 710 +20 —gm4 18,400 ppb 
HERO 50 150 +10 350 +10 1.7 +0.9 0.025 


It is not possible to have 29,800 pCi/L gross alpha and only 18,400 ppb concentration of U 


Alpha decay in pCi/L should be approximately 2/3 the value of U concentration in micrograms/L or parts per billion 
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Abbreviations: 


Analyses: 


NH4 as N : Ammonia 

As : Arsenic 

Ba : Barium 
HCO3 : Bicarbonate 
ca : Cadmium 

Ca : Calcium 

G1. : Chloride 
cr : Chromium 
Cu : Copper 

F : Fluoride 
Fe : Iron 

Pb : Lead 

Mg : Magnesium 
Mn : Manganese 
Hg : Mercury 

Mo : Molybdenum 
NO3 as N : Nitrate 
P04 as P : Phosphate 
K : Potassium 
Se : Selenium 
$io2 : Silica 

Ag : Silver 

Na : Sodium 

TDS : Total Dissolved Solids 
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So4 : Sulfate 

zn : Zinc 

Ra-226 : Radium-226 

Th-230 : Thorium-230 

U : Uranium 
Units: 

mg/l : milligrams per liter 

ymho/cm : micromhos per centimeter at 25C 

pci/l : picoCuries per liter 

20* : * Counting error at the 95% confidence level, 20 
Quality control: 

< : less than 
Signed: yA At 

Gary Zito 


Laboratory Supervisor 
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QUALITY CONTROL DATA SHEET 


Time Received: 9:00 Date: 9/27/89 By: T.Moncreif Via: UPS 


Sample Container Type: large cube, small cube 

Sample Type: water 

Preservative When Received: 1.HNO3 2.H2S0O4 3.none 4.NaOH/Zn Acetate 
Additional Lab Preparation: none 


Date(s) of 

Parameter Ref Method LLD Preservative Analyst Analysis 
Alkalinity 1 210.1 1 mg/l 3 Swanson 10/5 
NH4 1 350.1 0.1 mg/l 2 Hobbs LO/5 
As 1 206.2 0.001 mg/l 1 Gilleland 10/4 
Ba 1 200.7 0.01 mg/l i Hidalgo 10/20 
Cd 2 200.7 0.005 mg/l 1 Hidalgo 10/20 
Ca 1 200.7 0.01 mg/l 1 Hidalgo 10/20 
Cl 1 325.2 1 mg/l 3 Hobbs 10/4 
Cr a. 200.7 0.01 mg/l 1 Hidalgo 10/20 
Sp.Cond. 1 120.1 0.001 uwmho/cm 3 Hencmann 10/5 
Cu Z 200.7 0.01 mg/l i Hidalgo 10/20 
FP 2 340.2 0.05 mg/l 3 Acree 10/12 
Fe i 200.7 0.01 mg/l 1 Hidalgo 10/20 
Pb 1 200.7 0.02 mg/l 1 Hidalgo 10/20 
Mg 1 200.7 0.01 mg/l 1 Hidalgo 10/20 
Mn 1 200.7 0.01 mg/l 1 Hidalgo 10/20 
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Hg 1 245.1 0.0002 mg/l i Swanson 10/2 
Mo 1 200.7 0.01 mg/l 1 Hidalgo 10/20 
NO3 1 35301 0.1 mg/l 2 Hobbs 10/3 
pH 1 210.1 0.01 unit 3 Acree 10/2 
PO4 1 365.1 0.1 mg/l 3 Hobbs 10/11 
K 1 200.7 0.5 mg/l 1 Hidalgo 10/20 
Se a 270.2 0.001 mg/l 1 Gilleland 10/4 
$io2 1 200.7 0.01 mg/l 1 Hidalgo 10/20 
Ag 1 200.7 0.01 mg/l i. Hidalgo 10/20 
Na L 200.7 0.01 mg/l if Hidalgo 10/20 
TDS L 160.1 10 mg/l 3 Acree 10/3 
S04 1 3753 5 mg/l 3 Acree 10/3 
zn al 200.7 0.005 mg/l al Hidalgo 10/20 
Gr.Alpha 4 900.0 1.0 pei/i 3 Seidel 11/16-12/1 
Gr.Beta 4 900.0 2.0 pci/l 3 Seidel 11/16-12/1 
Ra-226 4,7,14 903.0,903.1 0.2 pCi/l 3 Howard 10/31-11/2 
Th-230 ia --- 0.2 pci/1l 3 Jackson,Ortiz 11/6-11/10 
U 4,9,10,14(ASTM)D2907 0.3 ug/l 3 Tonning 10/17-11/20 
U(RR) 4,9,10,14(ASTM) D2907 0.3 ug/l 3 Krizman,Tonning 12/11-12/18 
This method’s lower limit was only 5 micrograms/liter not 0.3 Why is U testing 2 months later? 


ASTM D2907-97 [ WITHDRAWN ] 

Standard Test Methods for Microquantities of Uranium in Water by Fluorometry (Withdrawn 2003) 
STANDARD by ASTM International, 08/10/1997 

1.1 These test methods are applicable to the determination of microquantities of uranium in water in the 
concentration range from 0.005 to 50 mg/L 


.1.2 The uranium fluorescence is quenched by many cations and some anions in the sample; it is enhanced by a 
few cations. If interfering ions are present, a direct fluorometric measurement is not suitable, and an extraction 
method must be used to provide accurate results. The test methods and their concentration ranges are as 
follows: 


Concentration Range, mg/L Sections Test Method A---Direct Fluorometric 0.005 to 2 7 to 15 Test Method B--- 

Extraction 0.04 to 50 16 to 24 

1.3 This standard does not purport to address all of the safety concerns, if any, associated with its use. It is the 

responsibility of the user of this standard to establish appropriate safety and health practices and determine the 

applicability of regulatory limitations prior to use. For specific hazards, see Note 1. 
https:/Avww.astm.org/d2907-97.html 
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DUPLICATES 
Sample Relative Deviation 
Identification Parameter Result Result % From Mean 
HERO 50 Alkalinity 203 203 0.0 
HERO 50 NH4 34 ~34 0.0 
HERO 50 As -006 -006 0.0 
HERO 50 Ba -O1 -O1 0.0 
HERO 50 Cd <.005 <.005 0.0 
HERO 50 Ca 510 512 0.2 
HERO 50 el 3862 3802 0.0 
HERO 50 Cr -O1 <.01 =< 
HERO 50 Sp.Cond.. 3590 3590 0.0 
HERO 50 Cu <.01 <.01 0.0 
HERO 50 Fe DL odd 1.11 0.0 
HERO 50 Pb <.02 <.02 0.0 
HERO 50 Mg 162 L6L 0.6 
HERO 50 Hg <.0002 <.0002 0.0 
HERO 50 Mo -O1 <.01 === 
HERO 50 NO3 <.l <.1 0.0 
HERO 50 P04 ck Kok 0.0 
HERO 50 K 36.4 36.0 1.0 
HERO 50 Se -010 O12 9 
HERO 50 sio2 9.9 9.9 0.0 
HERO 50 Ag <.01 <.01 0.0 
HERO 50 Na 144 143 0.7 
HERO 50 Zn -009 -008 << 
HERO 50 U -025 025 0.0 
HERO 48 U(RR) .0044 .0039 6.0 
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Again - this is just recycled data 
‘a QUALITY CONTROL STANDARDS from the Lab Accuracy testing 
fe) 

sample Cert. Relative Deviation Spike % 

ID Parameter Result Result Target Range % From Known Ricovery 
NH4 2.05 1.98 1.78 - 2.18 305 108 
As -104 -100 -080 - .118 4 92 
Ba 96 -97 «87 = 1.07 af 94 
cd -189 -200 -180 - .220 5.5 v2 
Ca 247 250 225 - 275 a 4 === 
el 26.16 26.05 24.1 - 27.7 0.4 ——— 
Cr -201 200 -180 - .220 0.5 97 
Cu 199 -200 -180 - .220 0.5 93 
F 49 -50 45 - .55 2.0 116 
Fe ~198 -200 -180 - .220 1.0 109 
Pb 204 - 200 -180 - .220 2.0 79 
Mg 255 250 225 =~ 275 2.0 —_ 
Mn -198 -200 -180 - .220 1.0 91 
Hg -005 -005 -004 - .006 0.0 100 
Mo -198 -200 2180 = .220 13:0 91 
NO3 2.04 1.98 is78 = 2.18 3 === 
PO4 49 «50 -46 - .54 2.0 === 
K 9.8 10.0 9.0 - 11.0 2.0 86 
Se -022 «025 017 - .028 13 os= 
$io2 1.03 1.07 -96 - 1.18 4.0 114 
Ag -92 99 «89 - 14:09 Tied 88 
Na 256 250 225 =- 275 2.4 == 
TDS 1430 1479 1331 - 1627 3.4 == 
S04 L051 1000 900 - 1100 5 aoe 
zn -189 -200 -180 - .220 5.5 94 
Gr.Alpha 167 + 4 198 178 - 218 15.7 <e 
Gr. Beta 157 + 2 179 161 - 197 1263 a 
Ra-226 108 + 3 101 96 - 106 7.0 ——= 
Th-230 oy = 3 99 94 - 104 2.0 ama 
U 33 34 32 = 36 2.9 === 
U (RR) 32 34 32 - 36 5.9 a= 

a a = 
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Different sample 
‘ G' ¥ . 
Sample Type: Water 
HCO3 As Ba CcO3 Cd Ca cl cr 
as CacO3 Total Total as ¢CacO3 Total Total Total 
Sample _mg/)_ _ma/l_ _mg/l_ _mg/)__ _mg/l. _mg/l_ _mg/l _mg/)_ 
HER 051 150 0.022 0.01 <1 <0.005 547 39 0,01 
Specific cu F Fe Pb Mg Mn 
Conductance Total Total Total Total Total 
Sample __umho/em _ _mg/l_ _mg/)_ _ma/) _mg/i_ _ma/l _mg/1_ 
HER 051 3600 <0.01 1.43 4.71 <0.02 201 0.39 
Hg NO3 as N P04 aS P_ K Se sio2 Ag Na 
Total Total Total Total Total Total 
Sample _mg/l_.  _emg/l__s_§_ ma/d mg/l mg/l mg/l mg/l mg/l 
HER 051 <0.0002 <0.1 <0.1 31.6 0.023 9.8 <0.01 102 
TDS S04 Zn Gross Alpha Error Gross Beta Error 
Total Total Total 
Sample mg/l _mg/l_ _mg/l_ .__pCi/) «2g pCi/) Zo 
HER 051 3220 2280 0.013 78 +21 54 t16 
Ra-226 Brror Th=-230 Error U ‘How is the gross alpha 78 pCi/L but 
Total Total Total U concentration only 6.4 ppb? 
Sample _pCi/] 20% _pci/l 20%  __ma/)l _ 
HER 051 0.8 £+0.3 0.0 £0.4 0.0064 
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ATTN} 
Client No, 
Sample Type: water 


Date Collected: 6/27/89 


Sample 
Identification 


HERO4S 


Sample 
Identification 


HEROUS 


80401 


PRONE (309) 279 1687 
BARRINGER LABORATORIES INC. 1455 OGMING WAY SUITE 16 
SPAHKY, NEVADA 60431 
PHONE (709) 388-1158 
Log No, 584 Client PO No, 
Date Received: 7/5/89 Date Reported: 8/23/89 
RESULTS OF ANALYSIS 
Alkalinity HCO3 C04 As Ba 
as CaC0O3 as Cac03 as CaCO, Total Total 
mg/l ma/l me/l n/t mg/d 
206 206 <1 .008 .05 
Ca OA rope Cu 
Total Total Total Conductance Total 
mg/l mg/l mg/1 unho/em mg/l 
<.005 538 35.5 3020 03 
Fe Pd Me Mn Hg 
P Total Total Total Tuotul Total 


Sample 
Identification 


MEROL5 


mg/l mg/l mg/l mg /1 mg/1 mg/l 


1.00 1.17 s,02 150 106 _  4,0008 


* Vacleabllity of Luc :adluuctive disintegration proesss 
(counting error) at the 95% confidence level, 20 
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ATTN: 
LGN; 584 
RESULTS OF ANALYSIS (cont'd) 
K se Ag 
Sample NO3 as N pH PO, as P Total Total Total 
Identification me/) units me/) mg /i mg/l mg/l 
HERO4LS €,% 7.29 <.1l 35.2 015 <,01 
Gross Alpha 
Na Zn (Total) 
Sample $100 Total TDS SO, Total pCi/licer 
Identification mg/l mg/l mg/1 mg / 1 mg/l Precision* 
HEROMS 9.9 128 3380 2260 .082 4600 + 100 
This gross alpha is far too high 
for 25 ppb of U 
Gross Beta Ra-226 Th=230 
(Motal) (lotal) ("lotal) Uranium 
Sample pci/liter pci/liter pei/liter (Total) 
Identification +Precision*® +Precision*® +Precision* _ne/l 
HERO4S 1480 + 30 480 + 10 | 0.7 + 0.8 0.025 25 ppb 


ss s/b ~6,900 ppb 


* Varlavllily of Lhe rudluactlive dlolulewsulluu prucess 
(counting error) at the 95% confidence level, 20 
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Sample Type: Water 
Alkalinity NH4 as N As Ba HCO3 ca Ca 


ADV 
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as Caco3 Total Total as CacoO3 Total Total 
Sample mg/l mg/l mg/l mg/l mg/l mg/l mg/l 
HERO 48 150 0.3 0.008 0.02 150 <0.005 542 
sump? HERO 49 116 14.5 0.530 0.01 116 <0.005 521 
HERO 50 203 0.3 0.006 0.01 203 <0.005 510 
cl cx Specific Cu F Fe Pb Mg 
Total Total Conductance Total Total Total Total 
Sample _mg/l mg/l umho/cm mg/l mg/l mg/l mg/l mg/l 
HERO 48 40 <0.01 3470 <0.01 1.28 11.60 <0.02 186 
HERO 49 38 <0O.01 3820 0.02 1.35 0.25 0.03 187 
HERO 50 38 <0.01 3590 <0.01 0.98 1.11 <0.02 162 
Mn Hg Mo NO3 as N pH P04 as P K Se 
Total Total Total Total Total 
Sample _mg/l_ _mg/l mg/l_ _mg/l_ _unit _ mg/l _mg/l_ _mg/l_ 
HERO 48 0.49 <0.0002 0.02 <O0.1 6.92 <0.1 24.2 0.009 
HERO 49 0.08 <0.0002 6.45 31.4 6.69 <0.1 36.1 0.017 
HERO 50 0.02 <0.0002 0.01 <0O.1 7.05 <0.1 36.4 0.Q21 
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Sample Type: Water 

S$i02 Ag Na TDS S04 zn Gross Alpha 

Total Total Total Total Total Error 
Sample _mg/l mg/l mg/l mg/l mg/l mg/l pci/l 20* 
HERO 48 11.5 <0.01 76.0 3440 2280 <0.005 19 +18 
HERO 49 11.2 0.02 97.8 3530 2300 0.156 29800 +300 
HERO 50 9.9 <0.01 144.0 3320 2190 0.009 1400 +100 

Gross Beta Ra-226 Th-230 U 

Total Error Total Error Total Error Total 

Sample pci/l 20% pci/l 20* pci/l 20* mg/l 
HERO 48 41 +10 3.3 +0.6 0.2 +0.5 0.0041 4.1 ppb 
HERO 49 10100 +100 60 +3 710 +20 18.4 18,400 ppb 
HERO 50 150 +10 350 +10 1.7 +0.9 0.025 25 ppb 


The gross alpha compared to the U concentrations is off 


Roughly the gross alpha value in picocuries should be ~2/3 the uranium 
concentration value in parts per billion (micrograms per liter) 


What method was used that the lab could have measured the U 


concentration in HERO 48 to 4.1 ppb? 
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Ammonia 
Arsenic 
Barium 
Bicarbonate 
Cadmium 
Calcium 
Chloride 
Chromium 
Copper 
Fluoride 
Iron 

Lead 
Magnesium 
Manganese 
Mercury 
Molybdenum 
Nitrate 
Phosphate 
Potassium 
Selenium 
Silica 
Silver 
Sodium 
Total Dissolved Solids 


oN 
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Sulfate 
Zinc 
Radium-226 
Thorium-230 
Uranium 
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micromhos per centimeter at 25C 


picoCuries per liter 
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QUALITY CONTROL DATA SHEET 
Time Received: 9:00 Date: 9/27/89 By: T.Moncreif Via: UPS 


Sample Container Type: small cube 


Sample Type: water 


large cube, 


Preservative When Received: 1.HNO3 2.H2S0O4 3.none 4.NaOH/Zn Acetate 
Additional Lab Preparation: none 

Date(s) of 
Parameter Ref Method LLD Preservative Analyst Analysis 
Alkalinity 1 210.1 _ 1 ng/l 3 Swanson 10/5 
NH4 1 350.1 0.1 mg/l 2 Hobbs 10/5 
As 1 206.2 0.001 mg/l 1 Gilleland 10/4 
Ba I 200.7 0.01 mg/l 1 Hidalgo 10/20 
cd 1 200.7 0.005 mg/l i Hidalgo 10/20 
Ca 1 200.7 0.01 mg/l s Hidalgo 10/20 
Cl 1 325.2 1 mg/l 3 Hobbs 10/4 
er 1 200.7 0.01 mg/l Z Hidalgo 10/20 
Sp.Cond. 1 120.1 0.001 uwmho/cm 3 Hencmann 10/5 
cu 1 200.7 0.01 mg/l | Hidalgo 10/20 
F 1 340.2 0.05 mg/l 3 Acree 10/12 
Fe 1 200.7 0.01 mg/l 1 Hidalgo 10/20 
Pb 1 200.7 0.02 mg/l 1 Hidalgo 10/20 
Mg 1 200.7 0.01 mg/l pf Hidalgo 10/20 
Mn 1 200.7 0.01 mg/l ll Hidalgo 10/20 
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AMENDED REPORT 
Hg 1 245.1 0.0002 mg/l 1 Swanson ~ 10/2 
Mo 1 200.7 0.01 mg/l 1 Hidalgo 10/20 
NO3 1 353.1 0.1 mg/l 2 Hobbs 10/3 
pH 1 210.1 0.01 unit 3 Acree 10/2 
PO4 1 365.1 0.1 mg/l 3 Hobbs 10/11 
K 1 200.7 0.5 mg/l 1 Hidalgo 10/20 
Se Bh 270.2 0.001 mg/l 1 Gilleland 10/4 
$io2 i | 200.7 0.01 mg/l i Hidalgo 10/20 
Ag A 200.7 0.01 mg/l 1 Hidalgo 10/20 
Na 1 200.7 0.01 mg/l i Hidalgo 10/20 
TDS dL 160.1 10 mg/l 3 Acree 10/3 
S04 a. 375.3 5 mg/l 3 Acree 10/3 
zn 1 200.7 0.005 mg/l i Hidalgo 10/20 
Gr.Alpha 4 900.0 1.0 pei/l 3 Seidel 11/16-12/1 
Gr. Beta 4 900.0 2.0 pCcisl 3 Seidel 11/16-12/1 
Ra-226 4,7,14 903.0,903.1 0.2 pCi/l 3 Howard 10/31~11/2 
Th-230 11 “<= 0.2 pei/i 3 Jackson, Ortiz 11/6-11/10 
U 4,9,10,14(ASTM) D2907 0.3 ug/l 3 Tonning 10/17-11/20 
U(RR) 4,9,10,14(ASTM)D2907 0.3 ug/l 3 Krizman,Tonning 12/11-12/18 
Lowest detection limit is 5 micrograms/liter not 0.3 


ASTM International - ASTM D2907-97 
Standard Test Methods for Microquantities of Uranium in Water by Fluorometry (Withdrawn 2003) 


Scope: 
1.1 These test methods are applicable to the determination of microquantities of uranium in water in the 
concentration range from 0.005 to 50 mg/L. 


1.2 The uranium fluorescence is quenched by many cations and some anions in the sample; it is enhanced by a 
few cations. If interfering ions are present, a direct fluorometric measurement is not suitable, and an extraction 
method must be used to provide accurate results. The test methods and their concentration ranges are as 
follows: 


Concentration Range, mg/L Sections Test Method A---Direct Fluorometric 0.005 to 2 7 to 15 Test Method B--- 
Extraction 0.04 to 50 16 to 24 


1.3 This standard does not purport to address all of the safety concerns, if any, associated with its use. It is the 


responsibility of the user of this standard to establish appropriate safety and health practices and determine the 
applicability of regulatory limitations prior to use. For specific hazards, see Note 1. 
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HERO 50 
HERO 50 
HERO 50 
HERO 50 
HERO 50 
HERO 50 
HERO 50 
HERO 50 
HERO 50 
HERO 50 
HERO 50 
HERO 50 
HERO 50 
HERO 50 
HERO 50 
HERO 50 
HERO 50 
HERO 50 
HERO 50 
HERO 50 
HERO 50 
HERO 50 
HERO 50 
HERO 50 
HERO 48 
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DUPLICATES 
Parameter Result 
Alkalinity 203 

NH4 ~34 
As -006 
Ba -O1 
cd <.005 
Ca 510 
cl 38.2 
Cr -O1 
Sp.Cond.. 3590 
Cu <.01 
Fe leit 
Pb <.02 
Mg 162 
Hg <.0002 
Mo -01 
NO3 <.1 
PO4 <.1 
K 36.4 
Se -010 
$io2 9.9 
Ag <.01 
Na 144 
zn -009 
U -025 
U (RR) -0044 


INSTRUMENTATION 


Result 


203 
~34 
-006 
-O1 

<.005 

511 

38.2 

<.01 

3590 

<.O1 

1.11 

<.02 

161 

<.0002 
<.01 
Seal 
Zal 

36.0 
-O11 

9.9 

<.01 

143 
-008 
-025 
-0039 
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Parameter Result 


NH4 


As -104 
Ba -96 
Cd -189 
Ca 

Cl 

cr -201 
Cu 

F 

Fe ‘ 

Pb .204 
Mg 

Mn ; 

Hg .005 
Mo -198 
NO3 

PO4 49 
K 

Se -022 
$i02 

Ag 

Na 

TDS 

S04 

zn -189 
Gr.Alpha 167 
Gr.Beta LS7 
Ra-226 108 
Th-230 97 

U 

U (RR) 
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ATTACHMENT 4 


MINE SUMP WATER ANALYSIS 


AUG-Z24-' 89 18:43 


Faxed from Energy Fuels Fredonia office not lab 


[D: ENERGYFUELS=FREDONTAmesTEL NO: 16@26453641 


BARRINGER LABORATORIES INC. 


Energy Fuels 

P.O. Box 36 
Fredonia, AZ 86022 
ATIN: Larry Casebolt 
Client No. 

Sample Type: water 


Date Collected: 6/27/89 


Sample 
Identification 


RERO43 


Sample 
Identification 


HERO43 


Sample 
Identification 


HERO43 


As Ba Cd Cu Fe Pb Mn 
Total Total Total Total Total Total Total 
mg/1 mg/l mg/L mg/1 mg/l mg/1 mg /1 
1.09 .03 O14 -04 +29 <,02 .08 
Hg Se Ag Zn 

Total NO, as N Total Total Total 

mg/1 ig /1 mg/1 mg/l mg/l 

0002 12.8 042 <.0l 123 

Gross Alpha Gross Beta 

(Total) (Total) Uranium 

pci/liter pCi/licer (Total) 

+Precision* +Precision* mg/liter 

4000 + 100 1100 + 30 3.31 


Log No. 583 


Date Received: 7/5/89 


RESULTS OF ANALYSIS 


18000 W. GTM AVE. SUITE 200 
GOLOEN. COLORADO 90601 
PHONE: (309) 277-.¢87 


1468 DEMING WAY, SUITE 1$ 
SPAAKS, NEVADA 3043! 
PHONE: (702) 36@-1196 


Client PO No. 


Date Reported: 8/7/89 


* Variability of the-radioactive disintegration process 
(counting error) at the 95% confidence level, 2¢ 
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AUG-24-'89 18:41 I[D:—NERGYFUELS FREDONIA = TEL NO: 16026453641 #961 P13 


Barringer Laboratories 
18000 W. 6th Avene 
Suite 300 
Golden, CO 80401 
(303) 277-1687 
Energy Fuels 
P.0. Box 36 
Fredonia, AZ 86022 So 
ATTN: Larry Casebolt 
LGN: 583 
QUALITY CONTROL DATA SHEET 
Time Received: 9:00 Date: 7/5/89 By; Gina Reichert Via: UPS 
Sample Container Type: large cube, small cube 
Sample Type: water 
Preservative When Received: 1. HNO, Ze H,S0, 3. None 4. NaOH 
Additional Lab Preparation: None 
Date(s) of 
Parameter Reference Method LLD Preservative Analyst Analysis 
Mercury 1 245.1 0.2 ug/l 1 M. Swanson 7/12/89 
Nitrate 1 353.1 0.1 mg/l 2 D. Hobbs 7/12/89 
Arsenic 1 206.2 1 ug/l. l G. Gilleland 7/13/89 
Seleniun 1 270.2 1 ug/l 1 D.. Hobbs 7/14/89 
Barium l 200.7 10 ug/l 1 D. Hidalgo 8/2/89 
Cadmium 1 200.7 5 ug/l 1 D. Hidalgo 8/2/89 
Copper 1 200.7 10 -ug/1 1 D. Hidalgo 8/2/89 
Iron 1 200.7 10 ug/l 1 D. Hidalgo 8/2/89 
Lead 1 200.7 2 ug/l 1 D. Hidalgo 8/2/89 
Manganese 1 200.7 1 ug/1 1 D. Hidalgo 8/2/89 
Silver l 200.7 10 ug/l 1 D. Hidalgo 8/2/89 
Zine 1 200.7 5 ug/l 1 D. Hidalgo 8/2/89 
Alpha-Beta 4 1.0,2.0 pCi/1 3 M, Kidwell = 7/19-7/31/89 
Uranium 4,14 0.3 ug/l 3 Tonning,Krizman 7/19/89 


DUPLICATES 
Sample Relative Deviation 

Identification Parameter Result Result From Mean 
HERO43 Mercury .0002 20002 | 0.02 
RERO43 Nitrate 12.8 12.8 0.02 
RERO43 Arsenic 1.13 1.09 4.0% 
HERO43 Selenium +042 041 2.42% 

HERO43 ; Barium 03 03 0.0% 

HERO43 Cadmium O14 .018 --- 

HERO43 Copper 204 204 0.0% 


¢ ‘ . a 
Approved by Le pg. 1 of ¢ 
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Energy Fuels 
P.O. Box 36 


Fredonia, AZ 86022 


ATIN: Larry Casebolt 


Approved by 1, 


LGN: 583 

Sample . 
Identification 
HERO43 
HERO43 
HERO43 
HERO43 
HERO43 
HERO43 
Parameter Result 
Mercury -008 
Nitrate 2.01 
Seleniua 022 
Arsenic .063 
Barium 96 
Cadniun 212 
Copper - 206 
Tron .208 
Lead -203 
Manganese -207 
Silver 90 
Zinc 2199 
Gross Alpha 216 + 4 
Gross Beta 175 + 2 
Uranium 1,00 


TEL NO: 16026453641 


#961 P14 


Barringer Laboratories 
15000 W, 6th Avenue 
Suite 300 

Golden, CO 80401 
(303) 577-1687 


QUALITY CONTROL DATA SHEET (cont'd) 


Parameter 


Iron 
Lead 
Manganese 
Silver 
Zinc 
Uranium 


QUALITY CONTROL STANDARDS 


Certified 
Result 


-008 
1,98 
-025 
+062 
097 

»200 
+200 
-200 
e 200 
»200 
99 

-200 
198 

179 

1.00 


DUPLICATES (cont'd) 


Result 


Target Range 


-006 
1.78 
O17 
-048 
87 
- 180 
- 180 
- 180 
-180 
- 180 
-89 
- 180 
178 
161 
95 


'eort686t @ @ @ t@ @ 6 6 4 


009 
2.18 
.028 
.078 
1.07 
220 
220 
.220 
.220 
-220 
1.09 
.220 
218 

197 

1,05 


Relative Deviation 


Result From Mean 
229 0.0% 
<,02 0.0% 
.08 0.0% 
<.01 0.0% 
.120 0.8% 
3.22 2.6% 


Relative Deviation 


Spike % 
From Known Recovery 
0.0% 100 
1.5% --- 
13.0% 96 
2.0% --- 
1.02% 96 
6.02 96 
3.0% 103 
4.0% 82 
1.5% 89 
3.5% 102 
9.02% 86 
0.5% 108 
9.1% --- 
2.22% --- 
0.0% --- 
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Sample Type: Water 


Alkalinity NH4 as N- As Ba HCO3 cd 
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Ca 


as Caco3 Total Total as CacoO3 Total Total 
Sample mg/l mg/l mg/l mg/l mg/l mg/l mg/l 
HERO 48 150 0.3 0.008 0.02 150 <0.005 542 
HERO 49 116 14.5 0.530 0.01 116 <0.005 521 
HERO 50 203 0.3 0.006 0.01 203 <0.005 510 
eal 9 cr Specific Cu F Fe Pb Mg 
Total Total Conductance Total Total Total Total 
Sample _mg/l mg/l umho/cm mg/l mg/l mg/l mg/l mg/l 
HERO 48 40 <0.01 3470 <0.01 1.28 11.60 <0.02 186 
HERO 49 38 <0.01 3820 0.02 1.35 0.25 0.03 187 
HERO 50 38 <0.01 3590 <0.01 0.98 1.11 <0.02 162 
Mn Hg Mo NO3 as N pH P04 aS P_ K Se 
Total Total Total Total Total 
Sample _mg/l_ _mg/l__ _mg/l_ __mg/l__ _unit. _mg/l__ _mg/l_ _mg/1_ 
HERO 48 0.49 <0.0002 0.02 <0.1 6.92 <0.1 24.2 0.009 
HERO 49 0.08 <0.0002 6.45 31.4 6.69 <0.1 36.1 0.017 
HERO 50 0.02 <0.0002 0.01 <0.1 7.05 <0.1 36.4 0.011 
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Sample Type: Water 
S$io02 Ag Na TDS S04 zn Gross Alpha 
Total Total Total Total Total Error 
Sample _mg/l mg/l mg/l mg/l mg/l mg/l pci/l 20* 
well? HERO 48 11.5 <0.01 76.0 3440 2280 <0.005 19 +18 
sump HERO 49 11.2 0.02 97.8 3530 2300 0.156 29800 +300 
shaft HERO 50 9.9 <0.01 144.0 3320 2190 0.009 1400 +100 
Gross Beta Ra-226 Th-230 U 
Total Error Total Error Total Error Total 
Sample pci/l 20* pci/l 20* pci/l 20* mg/l 
HERO 48 41 +10 3.3 20.6 0.2 +0.5 0.0041 
HERO 49 10100 +100 60 +3 710 +20 18.4 
HERO 50 150 +10 350 +10 1.7 +0.9 0.025 


Not possible to have 1,400 pCi/L and 
only 25 ppb of uranium - should be over 
2,000 ppb 


m 
m 
oa 
D 
41 
tL 
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Abbreviations: 
Analyses: 

NH4 as N : Ammonia 

As : Arsenic 

Ba : Barium 

HCO3 : Bicarbonate 

cd : Cadmium 

Ca : Calcium 

cl : Chloride 

Cr : Chromium 

Cu : Copper 

F : Fluoride 

Fe : Iron 

Pb : Lead 

Mg : Magnesium 

Mn : Manganese 

Hg : Mercury 

Mo : Molybdenum 

NO3 as N : Nitrate 

PO4 as P : Phosphate 

K : Potassium 

Se : Selenium 

$io02 : Silica 

Ag : Silver 

Na : Sodium 

TDS : Total Dissolved Solids 
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S04 : Sulfate 
zn : Zinc 
Ra-226 : Radium-226 
Th-230 : Thorium-230 
U : Uranium 
Units: 
mg/l : milligrams per liter 
pmho/cm : micromhos per centimeter at 25C 
pci/l : picoCuries per liter 
20* : * Counting error at the 95% confidence level, 20 


uality control: 


< : less than 
Signed: ee 


Gary Zito 
Laboratory Supervisor 
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atus: Final 


Time Received: 


Sample Container Type: large cube, small cube 


AMENDED REPORT 


QUALITY CONTROL DATA SHEET 


9:00 


Sample Type: water 
Preservative When Received: 1 
Additional Lab Preparation: n 


Parameter Ref 


Alkalinity 
NH4 
As 


1 
1 
1 
1 
1 
1 
iL 
1 
1 
1 
z 
5H 
1 
1 
1 


SOVANCED 


Method 


210.1 
350.1 
206.2 
200.7 
200.7 
200.7 
325.2 
200.7 
120.1 
200.7 
340.2 
200.7 
200.7 
200.7 
200.7 


Date: 


LLD 


1 

0.1 
0.001 
0.01 
0.005 
0.01 
1 
0.01 
0.001 
0.01 
0.05 
0.01 
0.02 
0.01 
0.01 


9/27/89 


-HNO3 2.H2S04 


one 


mg/l 
mg/l 
mg/l 
mg/l 
mg/l 
mg/l 
mg/l 
mg/l 
umho/cm 
mg/l 
mg/l 
mg/l 
mg/l 
mg/l 
mg/l 


By: T.Moncreif 


PRP RPWUPWUPUPPPRENW 


3.none 


Preservative 


Via: UPS 
4.NaOH/Zn Acetate 
Date(s) of 

Analyst Analysis 
Swanson 10/5 
Hobbs 10/5 
Gilleland 10/4 
Hidalgo 10/20 
Hidalgo 10/20 
Hidalgo 10/20 
Hobbs 10/4 
Hidalgo 10/20 
Hencmann 10/5 
Hidalgo 10/20 
Acree 10/12 
Hidalgo 10/20 
Hidalgo 10/20 
Hidalgo 10/20 
Hidalgo 10/20 
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Hg 1 245.1 0.0002 mg/l i Swanson ~ 10/2 
Mo A 200.7 0.01 mg/l 1 Hidalgo 10/20 
NO3 uf 35361 0.1 mg/l 2 Hobbs LO/ 3 
pH af 210.1 0.01 unit 3 Acree 10/2 
PO4 HE 365.1 0.1 mg/l 3 Hobbs 10/11 
K 1 200.7 0.5 mg/l 1. Hidalgo 10/20 
Se I 270.2 0.001 mg/l z Gilleland 10/4 
$io02 1 200.7 0.01 mg/l pi Hidalgo 10/20 
Ag 1 200.7 0.01 mg/l 1 Hidalgo 10/20 
Na 1 200.7 0.01 mg/l 1 Hidalgo 10/20 
TDS 1 160.1 10 mg/l 3 Acree 10/3 
S04 al 375.3 5 mg/l 3 Acree 10/3 
zn : 200.7 0.005 mg/l 1 Hidalgo 10/20 
Gr.Alpha 4 900.0 1+ pCivi 3 Seidel 11/16-12/1 
Gr.Beta 4 900.0 2.0 pci/l 3 Seidel 11/ 16-1271 
Ra-226 4,7,14 903.0,903.1 0.2 pCci/l 3 Howard 10/31-11/2 
Th-230 aa --- 0.2 pci/l 3 Jackson, Ortiz 11/6-11/10 
U 4,9,10,14(ASTM)D2907 0.3 ug/l 3 Tonning 10/17-11/20 
U(RR)_4,9,10,14 (ASTM) D2907 0.3 ug/l 3 Krizman,Tonning 12/11-12/18 


This method only had LLD to 5 micrograms/liter not 0.3 


ASTM-D2907 > Standard Test Methods for Microquantities of Uranium in Water by Fluorometry (Withdrawn 2003) 
Scope 

1.1 These test methods are applicable to the determination of microquantities of uranium in water in the 
concentration range from 0.005 to 50 mg/L. 


1.2 The uranium fluorescence is quenched by many cations and some anions in the sample; it is enhanced by a few 
cations. If interfering ions are present, a direct fluorometric measurement is not suitable, and an extraction method 
must be used to provide accurate results. The test methods and their concentration ranges are as follows: 


Concentration Range, mg/L Sections Test Method A---Direct Fluorometric 0.005 to 2 7 to 15 Test Method B--- 
Extraction 0.04 to 50 16 to 24 

1.3 This standard does not purport to address all of the safety concerns, if any, associated with its use. It is the 
responsibility of the user of this standard to establish appropriate safety and health practices and determine the 
applicability of regulatory limitations prior to use. For specific hazards, see Note 1. 
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Project Purchase order : 
Job: 8 14 : Fina 
AMENDED REPORT 
DUPLICATES 
Sample Relative Deviation 
Identification Parameter Result Result % From Mean 
HERO 50 Alkalinity 203 203 0.0 
HERO 50 NH4 34 ~34 0.0 
HERO 50 As -006 -006 0.0 
HERO 50 Ba -O1 -O1 0.0 
HERO 50 exe <.005 <.005 0.0 
HERO 50 Ca 510 51.1, 0.2 
HERO 50 Cr 38.2 38.2 0.0 
HERO 50 Cr -O1 <.01 simixe 
HERO 50 Sp.Cond. 3590 3590 0.0 
HERO 50 Cu <.01 <.01 0.0 
HERO 50 Fe 1411 Leil 0.0 
HERO 50 Pb <.02 <.02 0.0 
HERO 50 Mg 162 161 0.6 
HERO 50 Hg <.0002 <.0002 0.0 
HERO 50 Mo -0O1 <.0Ol1 === 
HERO 50 NO3 Sak Kok 0.0 
HERO 50 P04 <.l <.l1 0.0 
HERO 50 K 36.4 36.0 60 
HERO 50 Se -010 -O11 9 
HERO 50 $io2 9.9 9.9 0.0 
HERO 50 Ag <.01 <.01 0.0 
HERO 50 Na 144 143 0.7 
HERO 50 zn -009 -008 = 
HERO 50 U -025 -025 0.0 
HERO 48 U (RR) -0044 -0039 6 
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ob: 91 Ss: ina 
AMENDED REPORT 
How is there a _ 
QUALITY CONTROL STANDARDS known for random 
samples? 
Cert. Relative Deviation Spike % 
Parameter Result Result Target Range % From Known Ricovery 
NH4 2.05 1.98 1.78 - 2.18 305 108 
As -104 -100 -080 - .118 4 92 
Ba -96 -97 -87 - 1.07 1. 94 
Cd -189 -200 -180 - .220 5.5 77 
Ca 247 250 225 = 275 1.2 <== 
cl 26.16 26.05 24.1 - 27.7 0.4 <= 
Cr «201 - 200 -180 - .220 0.5 97 
Cu -199 -200 -180 = .220 0.5 93 
F 49 50 -45 - .55 2.0 116 
Fe -198 -200 -180 - .220 La'D 109 
Pb -204 -200 -180 = .220 2.0 79 
Mg 255 250 225 = 275 2.0 <= 
Mn -198 -200 -180 - .220 1.0 91 
Hg -005 -005 -004 - .006 0.0 100 
Mo -198 -200 ~180 = .220 1.0 91 
NO3 2.04 1.98 1.78 - 2.18 3 == 
PO4 -49 -50 -46 - .54 2.0 << 
K 9.8 10.0 9.0 - 11.0 2.0 86 
Se -022 -025 -017 - .028 13 <<< 
$102 1.03 1.07 -96 - 1.18 4.0 114 
Ag -92 -99 -89 - 1.09 7.0 88 
Na 256 250 225 = 275 2.4 <<< 
TDS 1430 1479 1331 - 1627 3.4 <= 
S04 1051 1000 900 = 1100 5 = 
zn -189 -200 -180 = .220 5.5 94 
Gr.Alpha ???167 + 4 198 178 - 218 15.7 --- 
Gr.Beta 157 £2 179 161 =- 197 12.3 ae 
(RAT 226 108 + 3 101 96 - 106 7.0 = 
205 PPC 230 97 + 3 99 94 - 104 2.0 --- 
U a3 34 32 = 36 2.9 mnie 
U(RR) 32 34 32 - 36 5.9 ——< 


Ra226 and Th230 is greater than gross alpha and 
and U decay is greatest contributor,to gross alpha 
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Hermit Mine 
Premining 
Water Quality Data Report 


Pursuant to Requirements 
Contained Within Groundwater Protection Permit G-0035-08 


Premining Water Quality Baseline Determination 


During the period between construction of the surface facility 
Premining @nd mining activity, five quarterly samples from the 
groundweier Monitor/Production Well identified as Well Registry #55-518877 
samples were 
not collected were collected and analyzed; Four of the quarterly samples have 
Ee ake been submitted previously to the Arizona Department of 
Environmental Quality. Sample results from the fifth quarterly 


sample are included in this Report as Exhibit 1. 


Pursuant to requirements contained within the Hermit Mine Ground- 
water Protection Permit, the premining mean average concentration 
and sample standard deviation were calculated for parameters 
specified in part II.B.2.b. These calculations provide a water 
quality baseline and establish Maximum Groundwater Limits for 
monitor well samples during the mining phase. A summary of the 
analytical results making up the premining baseline and calcula- 
tions are shown on Exhibit 2. 


Groundwater Inflow to Shaft and Mine Development Workings 


Exhibit 3 illustrates mine inflows for the premining period. 
Groundwater was initially encountered during shaft sinking on 
June 15, 1988. Groundwater was first encountered 902 feet below 
the shaft collar elevation (3,984 feet MSL) at the Coconino 
sandstone-Toroweap limestone formation contact. Inflows were 
estimated at 2 gpm based on pump capacity and operating hours. 
Inflow steadily increased from 2 gpm to 15 gpm as shaft 
construction proceeded to 942 feet below shaft collar elevation 


(3944 feet MSL). The unsaturated Hermit shale contact was 
encountered at this elevation and no additional saturated zones 
were encountered during shaft construction. During July, 1988, a 
grouting program was initiated at the Coconino-Hermit formation 
contact which effectively reduced inflow to about 7 gpm. 
Thereafter, groundwater inflows to the shaft and development mine 
workings increased steadily due principally to development of a 


mine adit at the 3970 feet MSL elevation. This adit was driven 


Well 517832 is 


975’ deep, 


A groundwater sampling monitor point was established at an 


depth to wate@levation of 908 feet below the shaft collar at an elevation of 


903’ bsc 


3976 feet MSL. The monitor point is a diamond drill core hole 
which penetrates the Coconino and Toroweap formations. 
Analytical information from water collected from this zone has 
been presented in previous quarterly reports, specifically, 
samples HRO23 and HRO33. Second Quarter, 1989 Shaft Water 
Analysis results are identified as HER 042 in Exhibit 1. The 
approximate location of the monitoring point is identified on 
Plate 1. 


Mine Configuration 


The development of the surface plant was performed in accordance 
with the approved Plan of Operations submitted to the Bureau of 
Land Management as described in the Hermit Mine Notice of Intent 
to Mine filed with the ADEQ. A total of approximately 24 acres 
has been disturbed, including two water evaporation ponds. Plate 
2 illustrates the current surface plant configuration. 


Underground workings, as of June 30, 1989, are illustrated in a 


side view in Plate 1. 


Permeability of the Mine Sump Sump was not lined 


As part of the documentation needed for the application for the 
Groundwater Protection Permit at the Hermit Mine, EFN contracted 
with Canonie Environmental Services Corporation (Canonie) to 
assess potential impacts to groundwater at the site. The report, 
"Potential Impacts of Mining on Groundwater Resources", was 
submitted January, 1988. In part, the study looked at the 
permeability porosity and specific retention of rock within the 
breccia pipe and in surrounding formations. Rock core samples 
were obtained from the mining zone and the zones below mining 
both inside and outside of the pipe. Care was taken to select 
rock samples representative of the rocks surrounding the mining 
zone. Canonie used the rock permeability from Canon Mine, not for Hermit Mine and 
is not for the Hermit Shale 

Core material selected for determining Hermit shale permeability 
was obtained at approximately the same elevation, and within 500 
feet, of the Hermit mine sump. Canonie concluded that Hermit 
shale and breccia material are essentially impermeable with gas 
permeabilities ranging from a 10-® cm/sec. to 10-9 cm/sec. This 
range represents values one to two orders of magnitude below the 
levels at which materials are commonly considered impermeable for 
hydrogeological and geotechnical engineering applications. 


A copy of the portion of the report, which discusses physical 
parameters influencing migration of mine water, is attached as 
Exhibit 4. 


EXHIBIT I 


SECOND QUARTER, 1989 
WATER QUALITY ANALYSIS 


Energy Fuels Nuclear, Inc. 


P.O. Box 36 
Fredonia, AZ 86022 


ATTN: Larry Casebolt 
Client No. 
Sample Type: water 


Date Collected: 5/31/89 


Sample 
Identification 


HERO4 1 
HERO42 shit 
PNO4O 


Sample 
Identification 


HERO41 
HERO42 shat 
PNO4O 


Sample 
Identification 


HERO41 
HERO42 sya 
PNO4O 


HER OU] ~ well 
HER OY2- chef 


Log No. 344 


BARRINGER LABORATORIES INC. 


Date Received: 6/2/89 


RESULTS OF ANALYSIS 


Alkalinity HCO 
as CaCcO as Cato 
3 3 
mg/1 mg/1 
159 159 
209 209 
204 204 
Cd Ca 
Total Total cl 
mg/1 mg/1 mg/1 
-005 546 39.6 
-005 514 28.4 
-005 181 20.1 
Fe Pb 
F Total Total 
mg/1 mg/1 mg/1 
1.26 9.85 <.02 
1.07 1.01 <.02 
Py 6 52 £02 


Approved by | a a 


ADVANCED TECHNIQUES AND INSTRUMENTATION FOR THE EARTH SCIENCES 


1$000 W. 6TH AVE. SUITE 300 
GOLDEN, COLORADO 80401 
PHONE: (303) 277-1687 
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PHONE: (702) 358-1158 


Client PO No. 


Date Reported: 7/21/89 


As Ba 
Total Total 
_mg/1 _mg/1 
-006 <.01 
007 <.0l 
<.001 Ol 
Cu 
Conductance Total 
umhos/cm mg/1 
3200 02 
3170 02 
1860 02 
Mn Hg 
Total Total NO. as N 
3 
mg/1 mg/1 mg/1 
Pe ly’ -0002 val 
05 -0003 2d 
ol -0002 Beil 


pg. lot 


Energy Fuels, Inc. 


P.O. Box 36 


Fredonia, AZ 86022 


ATTN: Larry Casebolt 


LGN: 344 


Sample 


Identification 


HERO41 
HERO42 
PNO4O 


Sample 


Identification 


HERO41 
HERO42 
PNO4O 


Sample 


Identification 


HERO41 .~ar 
HERO42 saw 
PNO4O 


K 
pH PO, as P Total 
units mg/1 mg/1 
7ad9 <.l 2537 
7.68 <.l 32.8 
7.84 <o 28.9 
zn 
TDS TSs so Total 
mg/1 mg/1 oti mg/1 
3470 88 2360 .O15 
3360 <4 2190 -055 
1610 66 1010 -036 


Gross Alpha 


Gross Beta 


(Total) (Total) 
pCi/liter pCi/liter 
+Precision* +Precision* 

i = 

14 + 20 39 + ll 
1600 = I00 400 + 20 

65 + 14 44 + 6 


Barringer Laboratories 
15000 W. 6th Avenue 


Suite 300 


Golden, CO 80401 
(303) 277-1687 


Se Ag Na 
Total SiO Total Total 
ng/1 nest mg/1 mg/1 
-018 12.1 <.0l 82.0 
019 9.37 <.01 134 
-016 8.68 <.0l 79.8 
Ra-226 
(Total) 
Ss pcCi/liter 
mg/1 +Precision* 
<2 1.2 © 0.4 
<2 230 + 10 
<2 2 
Th-230 
(Total) Uranium 
pCi/liter (Total) 
+Precision* mg/liter 
0.0 + 0.5 0.0029 
0.1 + 0.4 ; : 
0.1 + 0.4 e.ooe7 Sb A01 mel it 


alpha correct 


Gross beta would not be higher than gross alpha, U concentration too low for stated gross alpha 


14 pCi/L = 0.02 mg/L not 0.0029 
65 pCi/L = 0.1 mg/L 


* Variability of the radioactive disintegration process 
(counting error) at the 95% confidence level, 20 


Approved by i 
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Energy Fuels 
P.O. Box 36 


Fredonia, AZ 86022 


ATTN: Larry Casebolt 


LGN: 344 


Time Received: 9:30 


Sample Container Type: large cube, small cube 


Sample Type: water 


QUALITY CONTROL DATA SHEET 


Date: 6/2/89 


Preservative When Received: 1. 


Additional Lab Preparation: 


Parameter 


Nitrate 
Chloride 
Phosphate 
Mercury 
Barium 
Cadmium 
Calcium 
Chromium 
Copper 
Iron 

Lead 
Magnesium 
Manganese 
Potassium 
Silica 
Selenium 


Conductance 


Alkalinity 
Arsenic 
pH 
Fluoride 
Silver 
Sodium 
Zinc 

TSS 

TDS 
Sulfate 


Reference 


ee ee ee 


HNO, Ze H,SO 

None 
Method LLD 
353.1 0.1 mg/1 
325.2 0.2 mg/l 
365.1 0.01 mg/l 
245.1 0.2 ug/l 
200.7 10 ug/1 
200.7 5 ug/l 
200.7 10 ug/1 
200.7 10 ug/1 
200.7 10 ug/1 
200.7 10 ug/1 
200.7 2 ug/1 
200.7 10 ug/1 
200.7 1 ug/1 
200.7 10 ug/l 
200.7 10 ug/l 
270.2 1 ug/1 
120.1 0.1 umhos/cm 
210.1 0.5 mg/l 
206.2 1 ug/l 
L501 0.01 units 
340.2 0.1 mg/l 
200.7 10 ug/l 
200.7 10 ug/1 
200.7 5 ug/l 
160.2 4 mg/1 
160.1 10 mg/1 
37563 0.1 mg/1 
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3. None 


Preservative 
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Barringer Laboratories 
15000 W. 6th Avenue 


Suite 300 


Golden, CO 80401 
(303) 277-1687 


By: Gina Reichert Via: 


4. NaOH 


Analyst 


- Hobbs 

Hobbs 

Hobbs 

Swanson 
- Hidalgo 
- Hidalgo 
Hidalgo 
Hidalgo 
Hidalgo 
Hidalgo 
Hidalgo 
Hidalgo 
Hidalgo 
Hidalgo 
. Hidalgo 


OCUUDTDTVUVVVVVU EBVVY 


. Gilleland 


A. Knudson 
M. Swanson 


. Gilleland 


A. Knudson 
A. Knudson 
D. Hidalgo 
D. Hidalgo 
D. Hidalgo 
A. Knudson 
A. Knudson 
A. Knudson 


Pg: 


Fed. Express 


Date(s) of 


Analysis 


6/6/89 

6/7/89 

6/12/89 
6/15/89 
6/19/89 
6/19/89 
6/19/89 
6/19/89 
6/19/89 
6/19/89 
6/19/89 
6/19/89 
6/19/89 
6/19/89 
6/19/89 
6/23/89 
6/26/89 
6/26/89 
6/27/89 
6/28/89 
6/29/89 
6/19/89 
6/19/89 
6/19/89 
6/26/89 
6/26/89 
6/26/89 
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Energy Fuels 
P'.0;, Box 36 
Fredonia, AZ 86022 


ATTN: Larry Casebolt 


LGN: 344 

Parameter Reference 
Sulfite l 
Alpha-Beta 4 
Radium 226 4,7 
Thorium 230 ll 
Uranium 4,14 


These are mostly 
for Pinenut Mine 
Sample 
Identification 


PNO40 
PNO4O 
PNO40 
PNO40 
PNO4O 
PNO40 
PNO40 
PNO40 
PNO4O 
PNO4O 
PNO40 
PNO40 
PNO4O 
PNO4O 
PNO4O 
PNO4O 
HERO42 
PNO40 
PNO4O 
PNO40 
HERO4 1 
PNO40 
PNO4O 
PNO40 
PNO40 


Barringer Laboratories 
15000 W. 6th Avenue 


Suite 300 


Golden, CO 80401 
(303) 277-1687 


QUALITY CONTROL DATA SHEET (cont'd) 


Date(s) of 
Method LLD Preservative Analyst Analysis 
377.1 1 mg/1 3 A. Knudson 6/28/89 

02.0 pei/1 3 M. Kidwell 7/6-7/12/89 

052 peL/L 3 Howard, Barkey 7/7-7/13/89 

0.2 pCi/1 3 Jackson, Ortiz 6/29-7/7/89 

0.3 ug/l 3 Tonning,Krizman 7/7-7/10/89 

DUPLICATES 
Relative Deviation 
Parameter Result Result From Mean 

Nitrate <1 <1 0.0% 
Chloride 20.1 20.1 0.0% 
Phosphate <1 ol 0.0% 
Mercury -0002 .0003 --- 
Barium Ol .Ol 0.0% 
Cadmium <.005 <.005 0.0% 
Calcium 181 180 0.6% 
Chromium <.0l <.01 0.0% 
Copper -02 -02 0.0% 
Iron 8.52 8.45 0.8% 
Lead <.02 <.02 0.0% 
Magnesium 127 126 0.8% 
Manganese oil «od 0.0% 
Potassium 28.9 28.5 1.4% 
Silica 8.68 8.64 0.5% 
Selenium -019 020 5.0% 
Conductance 3170 3170 0.0% 
Alkalinity 203 205 1.0% 
Arsenic <.001 <.001 0.0% 
pH 7.84 7.83 0.1% 
Fluoride 1.24 LZ] 2.4% 
Silver <.01 <.01 0.0% 
Sodium 79.8 78.9 Led 
Zinc 036 -036 0.0% 
TSS 65 67 3.0% 
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Energy Fuels, Inc. 
P.O. Box 36 
Fredonia, AZ 86022 


ATTN: Larry Casebolt 


Barringer Laboratories 
15000 W. 6th Avenue 
Suite 300 

Golden, CO 80401 
(303) 277-1687 


QUALITY CONTROL DATA SHEET (cont'd) 


DUPLICATES (cont'd) 


Result 


3470 
2160 
2 


0.0069 


Relative Deviation 


Result From Mean 
3480 0.3% 
2230 32% 
<2 0.0% 

0.0064 302% 


QUALITY CONTROL STANDARDS What “Known”? 


LGN: 344 

Sample 
Identification Parameter 
HERO41 TDS 
HERO42 Sulfate 
HERO42 Sulfite 
PNO4O Uranium 

Certified 

Parameter Result Result 
Nitrate Diode 1.98 
Chloride 25.6 26.05 
Phosphate -47 -50 
Mercury 006 005 
Barium 92 97 
Cadmium 197 200 
Calcium 243 250 
Chromium 196 . 200 
Copper 205 . 200 
Iron 199 -200 
Lead 194 - 200 
Magnesium -197 . 200 
Manganese 197 - 200 
Potassium 9.31 10.0 
Silica 97 1.07 
Selenium 025 025 
Arsenic 099 - 100 
Fluoride -48 -50 
Silver -90 99 
Sodium 253 250 
Zinc 203 200 
TDS 1490 1470 
Sulfate 1067 1000 
Gross Alpha 210 + 4 198 
Gross Beta 168 + 1 179 
Radium 226 05 # 2 101 
Thorium 230 99 + 3 99 


Approved by bd wy, L. 


Acceptable 


Target Range 


2.18 
27.7 
254 


This is recycled from the Lab Accuracy test 


Relative Deviation Spike % 
From Known Recovery 
7.8% as= 
1.6% sss 
6.2% === 
--- 100 
5.0% 91 
Leah 99 
2.8% ass 
2.0% 98 
255% 100 
052 == 
3.0% 93 
1.5% === 
15% 95 
6.9% 82 
9.0% === 
0.0% 88 
1.0% 76 
4.1% 90 
9.0% 86 
162% === 
1.54 107 
0.7% === 
6.7% == 
6.1% == 
6.1% =s= 
6.0% === 
0.0% ea 
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Barringer Laboratories 
15000 W. 6th Avenue 
Suite 300 

Golden, CO 80401 
(303) 277-1687 


Energu Fuels, Inc. 
P.O. Box 36 
Fredonia, AZ 86022 


ATTN: Larry Casebolt 


LGN: 344 
QUALITY CONTROL DATA SHEET (cont'd) 
QUALITY CONTROL STANDARDS (cont'd) 
Certified Acceptable Relative Deviation Spike % 
Parameter Result Result Target Range From Mean Recovery 
Uranium 33 34 32 - 36 2.9% --- 


For what sample and what units? 


Approved by Y ." sia 
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15,000 QWEST GTH AVE SUs7E 300 CHAIN OF CUSTODY RECORD - CLIENT COPY -. 
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al s Mame: <4uyeuve ¢-Cicegot7 
Company Mame: Queney ewes auuicLene (PC 
iia Address: 0.€2< 32, “2400/4, 92. S60r 


Ye (Instructions for 


Analysis on 


“ine per ted Bg edred 7 back of form 
Comments 


mee me Tet weet bh, tt bt 
HELO¢/ WELL ts dal JS 


eee oe Ce VC / 
SS 
RR ER AAAS (Se a ~ a Ll 


Lee 
a Le Se ee 
OE eae RN = 
ae ; 
Shipping Information 


LG 9:20 AM. Carrier: zepetac Cxpeess 
Date Shipped:_ -/- £7 


Relinguished By: (Signature) | Date/Time 
tae 2 Coa alr | --87/4:30 ard 
Relinguished By: (Signature) Aateftiae 


Is there a FedEx document to verify this Chain of Custody? 


A 
PARAMETER, UNIT 


15 U,mg/! 

16 Alk as CaC03,mg/ 
17 HC03 as CaC03 
18 CO3,ng/! 

19 Ca,mg/I 

20 Cl,mg/! 

21 Cr,mg/! 

22 F,mg/| 

23 Mg, mg/ | 

24 P04,ag/! 

25 K,mg/| 

26 Si02,mg/1 

27 Na,eg/! 

28 S04,mg/! 


31 Gross alpha, pCi/I 
32 Gross beta, pCi/| 

33 Th230, pCi/| 

34 Ra226,mg/ 

35 Electrical conductiv 
36 umhos/ca 

37 pH, units 

38 TSS, ag/I 


: oP § 
BoBLo 


S 
r=} 
= 
& 


o 

. ee 
#828 
o on 


HR 032 HER 041 
12-23-88 05-31-89 
0.006 0.006 
0.04 0 
0 0 
0.04 0.02 
7.33 9.85 
0 0 
0.1 0.17 
0 0.0002 
0.012 0.018 
0 0 
0.136 0.015 
0.0024 0.0029 
157 159 
157 159 
0 0 
533 546 
40.1 39.6 
0.01 0.01 
1.41 1.26 
177 187 
0 0 
21.6 25.7 
12.6 12.1 
73.6 82 
2220 2360 
3430 3470 
0 0 
12 14 
30 39 
0.6 0 
2.1 1.2 
3440 3200 
7.4 7.59 
9 88 
EXHIBIT #2 


Hermit Mine Premining Groundwater Quality 


SAMPLE STANDARD MAXIMUM ACCEPTABLE 


aee8S 38: 


232 


g33 


pa 
= 
a7) 


& 


BREESE 


ee 
>_> 
w 
Sw 
or 
s 


= 
oa 


Beee' 
E85: 


on 
ae 
So 
$8 


(1) 


June 

July 
August 
September 
October 
November 
December 


January 
February 
March 
April 
May 


EXHIBIT 3 


Premining Groundwater Inflow 


Pumping Record 


June, 1988 to May, 1989°) 


1988 
1988 
1988 
1988 
1988 
1988 
1988 


1989 
1989 
1989 
1989 
1989 


GPM 
129,600 
432,000 
302, 400 
446, 400 
535,700 
505,440 
580, 320 


631,656 
486,085 
522,946 
350,788 
526,910 


gallon per month? 


average ~13 gal/minute 


=14 gal per minute 


=12 gpm 


Pumping rates estimated using pump capacity and hours of 
operation for 1988. 


A totalizing flow meter was installed 


in January, 1989 and used thereafter. 


There was perched groundwater 
encountered during exploration drilling 


EXHIBIT 4 


A PORTION OF THE REPORT 


“POTENTIAL IMPACTS OF MINING ON GROUND WATER RESOURCES" 


PREPARED BY CANONIE ENVIRONMENTAL SERVICES 


15 


2.0 NATURAL FACTORS RESTRICTING MINE SEEPAGE MIGRATION 


2.1 Physical Parameters 


At the Hermit Mine site, physical parameters are the primary mechanisms 
that will restrict migration of seepage from the mine workings and shaft. 
These parameters include the following: 


o Permeability - Permeability, in particular vertical permeability, is 
the most important factor because it is the primary mechanism that 
will control the rate and distance seepage may migrate into the under- 
lying strata. 


© Porosity - Porosity is a major factor which determines the magnitude 
of permeability and controls the amount of seepage that can be con- 
tained within the strata below the mine and shaft. 


o Specific Retention - Specific retention determines the amount of 
seepage that could be stored in the strata after the seepage has 
drained by gravity from the pores. 


These parameters were evaluated by laboratory testing and field observa- 
tion. Laboratory testing was conducted on core samples of Hermit Shale and 
of the breccia pipe from the Hermit deposit. The testing included air 
permeability, Klinkenberg permeability, porosity, and specific retention. 
The results of the laboratory testing are presented in Table 3 and a des- 
cription of laboratory test procedures is presented in Appendix B. 


Field observations included visits to two active mine sites and review of 
cores, geophysical, and lithological logs for the borings at the Hermit 
Mine site in May, 1987. The two mines visited were Kanab North and Pigeon. 
Figure 1 shows the location of these mines in relation to the Hermit Mine 
site. 
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2.1.) _ Bar ilit 


The permeability of the Hermit Shale and the breccia material was estimated 
in the laboratory using two procedures: air permeability and Klinkenberg 
permeability. The air permeability test is a common procedure used for 
evaluating rock samples. However, this provides an extremely conservative 
estimate of permeability. Actual liquid permeability would be lower than 
the calculated air permeability because of the higher viscosity of water 
compared to air. Since liquid permeability testing could not be conducted 
on the samples because the material was too impermeable to provide results, 
the Klinkenberg permeability test was conducted. 


The Klinkenberg permeability test also utilizes a gas, but the results of 
the procedure, which measures the amount of gas slippage, correlate with 
given values of liquid permeability (Freeman and Bush, 1981, and Aronofsky, 
1952). Even the Klinkenberg test may provide a conservative estimate of 
liquid permeability because the test does not account for chemical reac- 
tions between the rock and the liquid (Freeman and Bush, 1981). These 
reactions would further reduce the rate a fluid could migrate through a 
rock material. According to studies, the value of permeability using the 
Klinkenberg test may be 0.3 to 0.7 times higher than the actual liquid 
permeability (Freemand and Bush, 1981). 


Field observations and laboratory data both show that the Hermit Shale and 
breccia pipe material are essentially impermeable. The strata exposed in 
the two operating mines (i.e., the Pigeon and Kanab North) was very tight 
and dry. As shown in Table 3, laboratory-determined air permeabilities for 
core samples of the breccia pipe were approximately 10°8 cm/sec and for the 
Hermit Shale were 1079 cm/sec. These values are one to two orders of 
magnitude below the levels at which materials are commonly considered 
impermeable for hydrogeological and geotechnical engineering applications 
(Freeze and Cherry, 1979; Fetter, 1980; U.S. Dept. of Interior, 1981; Lambe 
and Whitman, 1969; Holtz and Kovacs, 1981; Sowers and Sowers, 1961). 
Furthermore, these values provide an extremely conservative estimate of 
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permeability since actual liquid permeability would be lower than calcu- 
lated air permeability because of the higher viscosity of water compared to 
air. 


The results of the Klinkenberg permeability testing, presented in Table 3, 
show that the estimated horizontal liquid permeability of the Hermit Shale 
was 19°10 cm/sec and the estimated vertical liquid permeability for the 
Hermit Shale were below the detection limit of the equipment, or at least 
197}! cm/sec. These estimated values may be lower depending on the effect 
of chemical reaction between the seepage and the rock. The vertical per- 
meability is the most important value because it will control the rate of 
vertical migration of any liquids from the bottom of the mine and shaft. 
This value of vertical permeability is closer to the range of values deter- 
mined in the laboratory for core samples from the Canyon Mine which aver- 
aged 8 x 107}! cm/sec for Hermit Shale and 4 x 10°79 cm/sec for the breccia 
below the proposed depth of mining (Dames and Moore, 1987, after Core Lab). 


An estimate of the distance seepage is predicted to migrate was made based 
on the laboratory-derived estimate of permeability and the rate and volume 
of inflow estimated from the data collected at the Pigeon Mine and trends 
reported for the Hack Canyon and Kanab North mines. The evaluation used 
both the overly conservative vertical gas permeability of 10°8 cm/sec and 
the more realistic Klinkenberg permeability value of i97}} cm/sec to brac- 
ket the possible range of distances over which the seepage would be ex- 
pected to migrate. The total volume of water (12 million gallons) avail- 
able for seepage was estimated, based on inflows of ten gpm for one year 
and two gpm for six years. 


Seepage migration was estimated using Darcy’s law where the rate of migra- 
tion is a function of the gradient and the permeability of the strata 
through which the fluid is migrating. Darcy’s Law is the most commonly 
used expression for estimating fluid flow through porous material. Appen- 
dix C presents a description of the equations used. 
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The calculations indicate that using a vertical permeability of 

1971! cm/sec and 10°8 cm/sec, the seepage front could migrate a maximum 
distance of up to 0.07 feet below the shaft during the anticipated seven 
years of mine operation. These calculations provide a conservative es- 
timate of the time and location of the seepage front because it was assumed 
that the following conditions will exist: 


o All inflow to the mine will be ponded in the sump and will provide a 
constant source of water for seepage for the duration of operations. 
However, as demonstrated previously, the inflow to the mine and shaft 
is not expected to remain constant. Rather, it is expected to cease 
by the end of the operation. 


o Both Darcy’s Law and the vertical permeability value used are for 
saturated conditions. However, laboratory testing and visual observa- 
tion indicated that the Hermit Shale was only partially saturated. 
Since the permeability of a partially saturated material increases 
with increasing water content (Freeze and Cherry, 1979, and Fetter, 
1980), using the saturated permeability will result in higher in- 
filtration rates and greater estimated distance for seepage migration 
than with an unsaturated permeability value. 


After mining operations cease, all existing inflows to the shaft will be 
sealed with bentonite. Therefore, no additional inflow to the mine is 
expected. Since the source and driving head of seepage migration will be 
removed, further vertical migration of seepage will be due to gravity 
drainage of the seepage that has saturated less than one foot of the under- 
lying strata. 


However, if inflow to the mine or shaft continued after mining operations 
cease, the seepage would continue to migrate at a rate ranging from 0.2 

feet per year (using a conservative permeability of 10°8 
i074 feet per year (using a more realistic permeability of 107) 4 ¢m/sec). 
At these rates, and assuming a constant source of seepage, seepage could 


cm/sec) to 2 x 
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migrate the 1,600 feet to the top of the Redwall-Muav aquifer in a period 
ranging from an overly conservative estimate of eight thousand years to a 
more realistic estimate of eight million years. 


Fracture Permeabilit 


Small-scale fracture permeability was evident in the two operating mines 
within the breccia pipe. During drilling and blasting operations, par- 
tially open fractures were intersected and water seeped out of the frac- 
tures at an estimated rate of less than 0.1 gpm. Apparently, the fractures 
are hydraulically discontinuous, and seepage from the fractures generally 
ceases within a period of a week or a month. No fracture permeability was 
identified in the Hermit Shale outside the pipes. Review of the geophysi- 
cal and lithological logs and core from the Hermit Mine site indicated that 
this site will have similar small-scale fracture permeability to that seen 
in the two operating mines. 


Large-scale fracture permeability resulting from faulting is not expected 
at the Hermit Mine site. Review of the logs and core as well as discus- 
sions with the exploration drilling operator provided no evidence of large- 
scale fracturing/faulting that could be a conduit for seepage migration 
from the mine to the Redwall-Muav aquifer. If a large-scale fracture/fault 
was present, it would have been identified during exploration drilling 
because of the dense spacing of boreholes at the site. 


To evaluate the improbability of the presence of a large-scale fracture/ 
fault at the site, a set of hypothetical faults was superimposed on exist- 
ing site borehole information. The results of the evaluation show that 
only at two locations at the site are the borings spaced far enough apart 
that an almost vertical hypothetical fault or fracture would not be inter- 
sected by the borings. Figure 5 shows the locations of these two hypothe- 
tical features. Projection of a hypothetical fault/fracture plane from the 
ground surface traced along the alignment of Boring HU-536-025 (Fault A) 
and Boring HU-536-013 (Fault B) to the alignment of the bottom elevation of 
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the most distant boring (Boring HU-536-021 and Boring HU-536-011) indicates 
that two fault planes dipping at greater than 82° and 86° toward the south- 
west are the only features that would not be intersected by one of the 
exploration borings. Furthermore, these hypothetical faults would have to 
be oriented obliquely to the concentric fracture pattern within the breccia 
pipe structure evident from the surface geologic map presented on Figure 5. 


Additional supporting evidence which indicates that there are no large- 
scale fractures or faults intersecting the site is the water level and 
water quality data obtained from the pumping test conducted at the site in 
February, 1987. As discussed in Section 1.4, water levels inside and 
outside the pipe showed a 100- to 200-foot difference in elevation, and 
concentrations of radionuclides were significantly higher inside as com- 
pared with outside the pipe. Also, as discussed in Section 1.3, there is 
no evidence of faulting in terms of deformation or offset of bedding that 
might be attributed to major fault displacement. 


Porosi nd ific Retention 
Porosity 


The porosity of the Hermit Shale and the breccia material was estimated by 
laboratory testing. Table 3 shows the results of the testing and Appendix 
B presents the laboratory procedures. As expected, the Hermit Shale has a 
slightly lower porosity of five percent as compared to eight percent for 
the breccia material. These values are typical for impermeable shale and 
cemented rock materials (Freeze and Cherry, 1979; and Fetter, 1980). 


Specific Retentio 


A percentage of the seepage which may saturate the strata below the mine 
and shaft will be retained in the pore spaces after gravity drains the free 
water. This water is held in the pore spaces of the rock by surface ten- 
sion and is called specific retention. The sum of the specific retention 
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and the water that drains due to gravity is equal to the porosity. Speci- 
fic retention increases with decreasing grain size because of the increased 
ratio of surface area to volume. Therefore, the specific retention of the 
Hermit Shale and the more silty portions of the breccia material are ex- 
pected to be at least half of the total porosity (Fetter, 1980). An es- 
timate of the specific retention of the Hermit Shale and the breccia mater- 
ial was made by conducting thermogravimetric analyses of core samples. The 
results are presented in Table 3 and the laboratory procedures are presen- 
ted in Appendix B. 


The results presented in Table 3 show that approximately 1.0 percent of the 
weight or 2.6 percent of the volume of the samples was pore water. Since 
the samples were visibly dry when tested, the water lost would represent 
water retained in the pores by specific retention. The actual value of 
specific retention is probably higher, but it is at least between three and 
eight percent of the total volume of the rock for the breccia and between 
three and five percent for the Hermit Shale. For the purpose of this 
evaluation, the specific retention was assumed to be half of the pore space 
that was not already filled with water or one percent of the total pore 
volume. 


Estimated migration of seepage after mining operations cease was calculated 
using a one-dimensional piston flow model assuming that all the water 
estimated to saturate up to 0.07 feet of shale below the shaft during 
mining would drain except that held by specific retention. The water that 
drains would then continue to migrate until the pore volume equal to the 
specific retention of the underlying unsaturated shale had been filled. At 
this point, further gravity drainage would cease. The results of the 
evaluation indicated that the seepage would migrate no more than an addi- 
tional 0.07 feet. 


In summary, the distance seepage is predicted to migrate beneath the sump 


during the seven years of mining operations is up to 0.07 feet, plus up to 
an additional 0.07 feet due to gravity drainage after mining operations 
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cease for a total maximum migration distance of less than 1.0 foot. If 
inflow to the mine were to remain constant after mining operations cease, 
the seepage could continue to migrate below the sump and mine. However, 
using the most realistic estimate of permeability of 10° em/sec, the rate 
of migration is estimated to be 2 x 1074 feet per year. Therefore, the 
seepage front would reach the Redwall-Muav aquifer in approximately eight 
million years. Even using the overly conservative permeability of 

10°8 cm/sec, the seepage front would not reach the Redwall-Mauv aquifer for 
at least eight thousand years. 
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TABLE 3 


SUMMARY OF PHYSICAL PROPERTIES OF SAMPLES FROM 
BRECCIA PIPE AND HERMIT SHALE 


SAMPLE LOCATION BORING 023 BORING 023 HER-CH-001 HER-CH-001 
BRECCIA/1389' BRECCIA/1389' HERMIT/1000' HERMIT/1000' 
SAMPLE ORIENTATION HORIZONTAL VERTICAL HORIZONTAL VERTICAL 


PERMEABILITY TO AIR (md) 0.08 0.02 | <0.01 <0.01 
PERMEABILITY TO AIR (cm/s) (1) 8.0E-08 2.0E-08 <1.0E-08 <1.0E-08 
POROSITY (%) a9 8.1 De , waa 
PERMEABILITY (md) (2) (3) (3) 0.00021 (4) 
PERMEABILITY (cm/s) (1,2) (3) (3) 2.0E-10 = 
(DETERMINED BY KLINKENBERG ANALYSIS) 

WATER CONTENT BY WEIGHT (%) 1 = 1 = 
WATER CONTENT BY VOLUME (%) 2.6 2.6 


(DETERMINED BY THERMOGRAVIMETRIC ANALYSIS) 


(1) Conversion from milidarcies to cm/s, 1 md = 9.66E-07 cm/s. 
(2) Tested using equivalent overburden pressure of 1000 psi. 
(3) Sample disintegrated when tested. 

(4) Permeability below detection limit of equipment. 
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DATE: February 5, 1990 


CALL TO: Rich Munson OF: Energy Fuels Nuclear 


PHONE NUMBER: /~ 303-—623-%23/7 


CALL FROM: Jeanmarie Haney OF: DEQ Hydrology 


PHONE NUMBER: 257-2117 
REGARDING: Check Sampling at Hermit and Pinenut Mines 


SUMMARY OF DISCUSSION 


I called Mr. Munson to determine when they would be collecting 
samples for the first quarter of 1990, as required by their 
permit. He said that they will be sampling next week at both 
mines. 


Hermit 
- Well 
- Mine sump - discharge pipe into pond at surface 
- Mine inflow - difficult sample to collect - hang on chain from 
hoist 


Pinenut 
- Well 
- They are in the pre-mining phase, so their is no inflow or 
mine sump sampling 


I indicated that, given the probable road conditions at this time 
of year, I would rather collect split samples during their May 
sampling. He said that Hermit may be out of production by then, 
but they would be sampling at least the well and mine inflow at 
Hermit, and the well at Pinenut. I told him that I would let him 
know whether I would be coming in February or May. 


LZ decided fo go in May 
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JUN 1990 


RECCIVED 
WATER PERMITS 


July 3, 1990 


Compliance and Enforteen Branch 

Water Permits Unit 

Arizona Department of Environmental Quality 
2005 North Central Avenue 

Phoenix, Arizona 85004 


Re: Hermit Mine Groundwater Protection Permit #60035-08 
To Whom It May Concern: 


Enclosed please find the First and Second Quarter, 1990 
analytical results associated with groundwater monitoring at the 
Hermit Mine. Mining was discontinued in the Hermit Mine on 
January 31, 1990. Mine closure has proceeded according to 
actions outlined in the Closure Plan submitted to the Arizona 
Department of Environmental Quality CADEQ. 


Pursuant to provisions of Section 2.C, Contingency Require- 
ments continued within the Groundwater Protection Permit, Energy 
Fuels Nuclear hereby notifies the ADEQ of exceedance of some 
Maximum Groundwater Limits for First and/or Second Quarter 
samples taken from the Hermit Mine Production/Monitor well 
(details are contained within the attached Report). 


Actions to be taken for investigation of the causes of these 
exceedances are outlined in the Hermit Groundwater Monitoring 
Report, Mining Phase, submitted to ADEQ on February 13, 1990. 


If you have further questions concerning this matter, please 
contact me at our Denver office. 


Sincerely, . 


Environmental ‘Coordinator 
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ARIZONA DEPARTMENT OF ENVIRONMENTAL QUALITY 


MEMORANDUM 


H-100299 


HU91-068 
November 14, 1991 


TO: Abby Myers, Supervisor “a 
Water Permits Unit 


THRU: Lauren Evans P.G., Supervisor 


State Programs Hydrology Unit ac 


FROM: _ Jim DuBois, Hydrologist 
State Programs Hydrology Unit 


RE: Hermit Mine GWQPP #G0035-08 


As you requested, I have reviewed a report titled "Water Quality Data Evaluation, Hermit 
Mine Site" prepared by Canonie Environmental Corp. in June, 1991, as well as a 
transmittal letter from Energy Fuels Nuclear, Inc. (EFN). These documents have been 
submitted to ADEQ as part of EFN’s contingency measures invoked because of MGL 
violations at the monitor well at the Hermit Mine Site. 


I conclude from the data presented that the facility has not caused or contributed to 
exceedence of numeric Aquifer Water Quality Standards (AWQS) at the point of 
compliance. The metals for which where are Federal Primary MCLs as well as barium, 
fluoride, and nitrate are all well within the limits specified for Arizona aquifers. While 
gross alpha concentrations are high in the samples taken, none of then exceed the permit 
MGL, which I presume was set based upon ambient groundwater concentrations. The 
results for gross alpha are not easily interpreted because they do not subtract out the 
contribution from uranium and radon. Subtracting the effect of these constituents might 
even bring the measured values within numeric Aquifer Water Quality Standards. Also, 
the QA/QC tests conducted indicate that the Barringer lab being used does not produce 
good consistency. The permittee should consider using a different lab. 


The results for gross beta are variable and may indicate a health concern for consumption 
of the water, but the standard for a discharging facility is based upon only those man- 
made constituents contributing to gross beta - an impossibility at this site where only 
mining of naturally occurring ore has taken place. For Radium 226, only two non- 
consecutive measurements show exceedence with subsequent samplings indicating 
compliance. Radium 228 has not been analyzed, but should be analyzed in future tests. 


. ‘Abby Myers HU91-068 
. November 14, 1991 
Page 2 


It is difficult to say from the data collected whether or not the post-mining monitoring 
shows that discharge is occurring from the facility. I presume from the strict MGLs set 
and from the fact that MGLs were established for a much broader range of constituents 
Wh than primary MCLs, that the intent of the monitoring scheme was to detect the 
ere wa 
the wate, OCCUFTENCE of any form of discharge. Canonie’s argument that the chemical signature 
sampled based upon radionuclide, nitrate, and arsenic concentration of the mine sump water does 
from? not match that of groundwater is persuasive. Nitrate should be a particularly good 
indicator in this setting, and the groundwater does not show a trace of nitrate in the las 
nine rounds of sampling. If there has been a discharge, it is not from the mine sump 


fluids. ; How is nitrate in mine’s water (not a mill) a good indicator? 


Most of the indicators selected for monitoring for discharge in the permit are not very 
useful. I think that the exceedences of MGLs for constituents like EC, alkalinity, 
bicarbonate, chloride, calcium, magnesium, sodium, iron, manganese, and uranium, at 
levels slightly above the specified MGL simply show that the ambient concentrations of 
these constituents were not adequately defined before permitting the facility. I 
recommend no compliance action for these constituents at this time. 
CERI. i ell: “aga RIN ete me oem cages 

(\ I agree with Canonie’s conclusions that sediment in the well water and inadequate purge 
volumes may be the cause of some of these exceedences. The permit should be modified 


Se ae $e i.e., filtered samples for 
indicator parameters stabilized prior to sampling Se . 
an exceedence is a standard permit contingency requirement that should be incorporated 
into this GWQPP. 


(ingest Cannio’ recommentatin to exude gross alpha fom the monitored 


ft ite ; FSS bi ithe thesQA/QCoofet 
results. 


JD:hm 
a:hermit.mem#jd1 


CC; Julie Major, Water Pollution Compliance Unit 


& S 


energy fuels nuclear, inc. 


p.o. box 36 @ fredonia, arizona 86022 


July 31, 1991 


CERTIFIED MAIL 


‘2 \oo" OF 
Mr. Roger W. Kennett %, ay 
Environmental Ever Supervisor a 34 
Water Permits Uni SE L9 SM 


Arizona Department of Environmental Quality 
Central Palm Plaza Building 

2005 North Central Avenue 

Phoenix, Arizona 85004 


Re: Request for Modification of the Hermit Mine Groundwater 
Protection Permit #G-0035-08 


Dear Mr. Kennett: 


Energy Fuel Nuclear, Inc (EFNI) requests a modification of 
the Hermit Mine Groundwater Protection Permit #G-0035-08. EFNI 
proposes elimination of the gross alpha and gross beta 
constituents which have been previously monitored under the 
pore. In a cover letter, dated June 7, 1991, addressed to Ms. 
ulie Major, with the Compliance and Enforcement Branch of ADEQ, 
titled "Hermit Mine Groundwater Protection Permit #G-0035-08, 
Evaluation of Exceedances of Maximum Groundwater Limits", which 
accompanied a report titled "Water Quality Data Evaluation", 
prepared for EFNI by Canonie Environmental Services Corp., EFNI 
advised ADEQ of their intention to discontinue monitoring gross 
alpha and gross beta constituents. The rational for 
discontinuing the monitoring for gross alpha and gross beta 
constituents is supported in the above referenced documents 
enclosed herewith. 


EFNI would appreciate a response to the request for 
modification, prior to the due date for the third quarter 
monitoring reports. vee his have any questions regarding this 
matter, please contact Roger B. Smith or me at Energy Fuels 
Fredonia office (602)643-7321. 


Sincerely, 


fel Betoure 


Donn M. Pillmore 
Environmental Coordinator/ 
Chief Geologist 


Enclosures 
xc: R. A. Munson 


R. B. Smith 
M. D. Vincelette 
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energy fuels nuclear, inc. 
[ee DDN EE SSIES SS Oe Eel 


p.o. box 36 @ fredonia, arizona 86022 


June 7, 1991 


Ms. Julie Major 

Compliance and Enforcement Branch 

Water Permits Unit 

Arizona Department of Environmental Quality 
2005 North Central Avenue 

Phoenix, Arizona 85004 


Re: Hermit Mine Groundwater Protection Permit #G0035-08, 
Evaluation of Exceedances of Maximum Groundwater Limits 


Dear Ms. Major: 


Enclosed please find the Canonie Environmental Services 
Corp. (Canonie) report, "Water Quality Data Evaluation, Hermit 
Mine Site". The Canonie report summarizes water quality data 
evaluation following action taken to investigate the possible 
causes of exceedances of Maximum Groundwater Limits (MGLs) at the 
Hermit Mine as reported July 3, 1990, to ADEQ. The actions taken 
to address MGL exceedances are outlined in the Energy Fuels 
Nuclear, Inc (EFNI) report, "Hermit Mine Groundwater Monitoring 
Report, Mining Phase", submitted February 13, 1990 to ADEQ. 


The water quality data evaluation was conducted by Canonie, 
in order to identify potential causes of MGL exceedances for 
water samples collected from the Hermit Mine site monitoring 
well. The focus of the evaluation was to identify factors such 
as sample collection procedures or analytical error that could 
cause the exceedances. In addition, the MGLs were evaluated to 
determine their appropriateness for the radionuclide analytes. 


The Canonie report concludes that exceedances in the well 
were not caused by seepage from the mine. The report also 
concludes that sediment in the well water and insufficient purge 
volume prior to sample collection from the well are the main 
causes of MGL exceedances. Analytical accuracy and precision are 
not an important factor causing the exceedances in water quality. 


Another important determination of the Canonie report found 
some of the water quality MGL standards are inappropriately 
applied to the radionuclides. The report finds that continued 
monitoring of the gross alpha and gross beta activities is 
unnecessary because the radionuclides, from which they originate, 
are already being monitored each quarter when the water samples 
are sent to the lab for analysis. In addition, a standard 
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applied to gross beta is inappropriate since no man-made 
radionuclides were used on-site. Also, the Canonie report 
identified a problem, the current MGLs do not take into effect 
the counting error, nor does collected data compared to the MGL 
include the counting error. 


Based on the Canonie report, EFNI elects to discontinue 
monthly, voluntary water sampling, and resume a quarterly 
sampling as outlined in the Hermit Mine Groundwater Protection 
Permit #G0035-08. Energy Fuels will resume quarterly sampling 
during the second quarter, 1991. The quarterly sampling 
procedure will follow recommendations as outlined on page 33 of 
the Canonie report. 


Energy Fuels also intends to eliminate gross alpha and gross 
beta from the list of constituents monitored under the Permit. 
According to the National Interim Primary Drinking Water 
regulations Part 141.15(a) and Part 141.15¢b), gross alpha and 
gross beta activities are included in water quality analyses to 
screen for the presence of alpha- and beta-emitting 
radionuclides. Once screening identifies the presence of the 
radionuclides, then gross alpha and gross beta analyses can be 
eliminated and only alpha- and beta-emitting radionuclides are 
monitored. Further more, a standard is normally applied to gross 
beta only if man-made radionuclides such as strontium or tritium 
are present. Since no man-made radionuclides are present at the 
Hermit Mine, the application of a gross beta standard is not 
appropriate. 


Gross alpha and gross beta activities can be calculated from 
the radionuclide analytical results and, therefore, will be 
monitored by monitoring the radionuclides. Since the activity 
levels are determined by the concentration of radionuclides in 
water, monitoring and establishing standards for the cause 
(radionuclide concentrations) rather than the effect (gross alpha 
and gross beta activities) provides a more accurate assessment of 
the quality of water. 
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Also, revision of radionuclide MGLs is recommended to 
account for the counting error. Rather than assigning a single 
value to the MGLs, the MGLs should be reported as a range that 
includes the mean of the counting error plus two standard 
deviations. A method which could be used to revise these MGLs 
is outlined on page 27, Part 2.4.2 of the Canonie report. Using 
that procedure, the recommended radionuclide MGLs are listed as 
follows: 


Analyte MGL 

Gross alpha 57.6 - 110.2 pCi/1 
Thorium-230 O.2.-. 1.8 pois 
Radium-226 $.6. - 16.2 pCisi 


Energy Fuels would appreciate a response from ADEQ 
concerning the conclusions and recommendations of the Canonie 
report, and on the proposed action described herein. Should 
additional questions concerning the Canonie report or Energy 
Fuels proposed action arise, please contact me at our field 
office, located in Fredonia, Arizona (602) 643-7321. 


Sincerely, 


Donn M. Pillmore 
Chief Geologist/ 
Environmental Coordinator 


xc: W. J. Almas 
L. L. Casebolt 
R. A. Munson 
R. B. Smith 
M. D. Vincelette 
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Ms. Julie Major 

Compliance and Enforcement Branch t 
Water Permits Unit V : 
Arizona Department of Environmental Quality , . 
2005 North Central Avenue 

Phoenix, Arizona 85004 


Re: Hermit Mine Groundwater Protection Permit #G0035-08, 
E . E . Maxi ¢ wat Limit 


valuation o dan ° 
Dear Ms. Major: 


Enclosed please find the Canonie Environmental Services 
Corp. (Canonie) report, "Water Quality Data Evaluation, Hermit 
Mine Site". The Canonie report summarizes water quality data 
evaluation following action taken to investigate the possible 
causes of exceedances of Maximum Groundwater Limits (MGLs) at the 
Hermit Mine as reported July 3, 1990, to ADEQ. The actions taken 
to address MGL exceedances are outlined in the Energy Fuels 
Nuclear, Inc (EFNI) report, "Hermit Mine Groundwater Monitoring 
Report, Mining Phase", submitted February 13, 1990 to ADEQ. 


The water quality data evaluation was conducted by Canonie, 
in order to identify potential causes of MGL exceedances for 
water samples collected from the Hermit Mine site monitoring 
well. The focus of the evaluation was to identify factors such 
as sample collection procedures or analytical error that could 
cause the exceedances. In addition, the MGLs were evaluated to 
determine their appropriateness for the radionuclide analytes. 


The Canonie report concludes that exceedances in the well 
were not caused by seepage from the mine. The report also 
concludes that sediment in the well water and insufficient purge 
volume prior to sample collection from the well are the main 
causes of MGL exceedances. Analytical accuracy and precision are 
not an important factor causing the exceedances in water quality. 


Another important determination of the Canonie report found 
some of the water quality MGL standards are inappropriately 
applied to the radionuclides. The report finds that continued 
monitoring of the gross alpha and gross beta activities is 
unnecessary because the radionuclides, from which they originate, 
are already being monitored each quarter when the water samples 
are sent to the lab for analysis. In addition, a standard 
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applied to gross beta is inappropriate since no man-made 
radionuclides were used on-site. Also, the Canonie report 
identified a problem, the current MGLs do not take into effect 
the counting error, nor does collected data compared to the MGL 
include the counting error. 


Based on the Canonie report, EFNI elects to discontinue 
monthly, voluntary water sampling, and resume a quarterly 
sampling as outlined in the Hermit Mine Groundwater Protection 
Permit #G0035-08. Energy Fuels will resume quarterly sampling 
during the second quarter, 1991. The quarterly samplin 
procedure will follow recommendations as outlined on page 33 of 
the Canonie report. 


Energy Fuels also intends to eliminate gross alpha and gross 
beta from the list of constituents monitored under the Permit. 
According to the National Interim Primary Drinking Water 
regulations Part 141.15(a) and Part 141.15(b), gross alpha and 
gross beta activities are included in water quality analyses to 
screen for the presence of alpha- and beta-emitting 
radionuclides. Once screening identifies the presence of the 
radionuclides, then gross alpha and gross beta analyses can be 
eliminated and only alpha- and beta-emitting radionuclides are 
monitored. Further more, a standard is normally applied to gross 
beta only if man-made radionuclides such as strontium or tritium 
are present. Since no man-made radionuclides are present at the 
Hermit Mine, the application of a gross beta standard is not 
appropriate. 


Gross alpha and gross beta activities can be calculated from 
the vadiomelige analytical results and, therefore, will be 
monitored by monitoring the radionuclides. Since the activity 
levels are determined by the concentration of radionuclides in 
water, monitoring and establishing standards for the cause 
(radionuclide concentrations) rather than the effect (gross alpha 
and gross beta activities) provides a more accurate assessment of 
the quality of water. 
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Also, revision of radionuclide MGLs is recommended to 
account for the counting error. Rather than assigning a single 
value to the MGLs, the MGLs should be reported as a range that 
includes the mean of the counting error plus two standard 
deviations. A method which could be used to revise these MGLs 
is outlined on page 27, Part 2.4.2 of the Canonie report. Using 
that procedure, the recommended radionuclide MGLs are listed as 
follows: 


Analyte MGL 

Gross alpha 57.6 - 110.2 pCi/l 
Thor ium-230 0.2 - 1.8 pci/l 
Radium-226 3.5 - 5.2 pci/l 


Energy Fuels would appreciate a response from ADEQ 
concerning the conclusions and recommendations of the Canonie 
report, and on the proposed action described herein. Should 
additional questions concerning the Canonie report or raat 
Fuels proposed action arise, please contact me at our field 
office, located in Fredonia, Arizona (602) 643-7321. 


Sincerely, 


L bake # tess 


Donn M. Pillmore 
Chief Geologist/ 
Environmental Coordinator 
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May 13, 1992 


CERTIFIED MAIL 
Certification No: P 988 611 544 


Mr. Ed Pond 

Mining APP Unit 

Arizona Dept. of Environmental Quality 
P. O. Box 600 

Phoenix, Arizona 85001-0600 


Dear Mr. Pond: 


Re: Modification to Groundwater Quality Protection Permit 
#6-0035-08; Hermit Mine 


Energy Fuels Nuclear, Inc. (EFNI), has received your letter 
of April 9, 1992 addressing EFNI’s request for a modification to 
the Hermit Mine Groundwater Quality Protection Permit #6-0035-08. 
In accordance with your letter and previous correspondence includ- 
ing the report "Water Quality Data Evaluation, Hermit Mine Site" 
prepared for EFNI by Canonie Environmental, EFNI requests the 
following minor modifications be made to the Hermit Groundwater 
Quality Protection Permit: 


* Monitoring for Radium 228 will be performed on a quarterly 
basis. No compliance limits will be associated with this 
parameter. 


* Natural uranium will be monitored in follow-up compliance 
samples to learn if an exceedance of 15 Ci/1 gross alpha 
is detected in quarterly samples. Radon concentrate (Ra- 
222) will be calculated and reported based on Ra 226 con- 
centrations. 


* Sample collection procedures will include the purging of a 
minimum of 3 bore hole volumes prior to acquisition of the 
grab sample. The parameters pH, EC and temperature will 
be monitored during the purging process. These parameters 
will have stabilized to within 10% variation over 3 mea- 
surements prior to sample acquisition. 


Mr. Ed Pond 
May 13, 1992 
Page 2 


Not always within Unfiltered, unpreserved samples which have been iced and 


24 hours, shipped to the laboratory within 24 hours of collection 
sometimes took will be analyzed for total recoverable metals as specified 


Wwaske in Methods for Chemical Analysis of Water and Wastes, EPA 
60014-79-020. 

* Analysis of groundwater samples for gross beta will be 
performed on an annual basis rather than quarterly. Re- 
sults from gross beta will be used as a general indicator 
of groundwater quality and will have no regulatory signif- 
icance. 


* If analytical results indicate an exceedance of alert 
levels or maximum groundwater limits for any listed param- 
eter, a confirmation sample will be taken and analyzed for 
the set of parameters contained in Part II, B, Z, b of the 
Groundwater Protection Permit within 30 days of the re- 
ceipt of the quarterly sample results. 


If you have any questions concerning the request modifica- 
tions or need additional information, please contact me at our 
Fredonia office. 


Very truly yours, 


ee 


Rogér B. Smith 
RBS/ksc 
cc: Mr. W. J. Almas 


Mr. B. Hamilton 
Mr. M. D. Vincelette 
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| ARIZONA DEPARTMENT OF ENVIRONMENTAL QUALITY 


FIFE SYMINGTON, GOVERNOR 
EDWARD Z. FOX, DIRECTOR 


April 9, 1992 


Mr. Donn M. Pillmore 

Chief Geologist/Environmental Coordinator 
Energy Fuels Nuclear 

P.O. Box 36 

Fredonia, Arizona 86022 


RE: Requested modification to Groundwater Quality Protection Permit No. G-0035-08 
(Hermit Mine) 


Dear Mr. Pillmore: 


The Mining APP Unit of the Arizona Department of Environmental Quality has reviewed the 
request for modification to the above-referenced permit. Energy Fuels Nuclear has requested 
to drop the requirement to monitor groundwater samples for gross alpha and gross beta particle 
activity, in accordance with the conclusions from the Canonie Environmental Corporation report 
titled "Water Quality Data Evaluation, Hermit Mine Site”. 


This office does agree with some of the points of the Canonie report, mainly that seepage from 
the mine sump is not the cause of exceedances of permit MGLs. This office will not 
recommend any further compliance action with respect to the exceedances at this time. 


The Mining APP Unit does not agree with the recommendation to exclude gross alpha from the 
list of monitoring parameters. Current Arizona Aquifer Water Quality Standards (AWQS) are 
set based upon the analysis for gross alpha particle activity, using EPA method 900.1, in 
accordance with Arizona Administrative Code (A.A.C.) R18-11-406.C. and A.A.C. R18-11- 
403.B. The QA/QC tests conducted by Canonie Environmental indicate that the Barringer Lab 
currently being used does not produce good consistency. This office recommends switching to 
a lab that can produce more accurate and consistent results. 


The Department further recommends the GWQPP No. G-0035-08 be modified to include the 
following: 


1) monitoring for Radium 228; 


2) monitoring for Radon and Uranium if gross alpha activity exceeds 15 pCi/I; 


The Department of Environmental Quality is An Equal Opportunity Affirmative Action Employer. 
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3) modification of sample collection procedures to purge at a minimum 3 bore volumes of 
water and monitor pH, EC and temperature until these parameters have stabilized with 
no more than a 10% variation. The greater volume of the two should be purged. 


The Canonie report also concludes that sediment in the well water may be contributing to MGL 
exceedances. Monitoring for the purposes of demonstrating compliance with Aquifer Water 
Quality Standards or permit limits requires that metals analyses be for total recoverable metals. 
The Mining APP Unit recommends that future samples be for total recoverable metals. Total 
metals analyses (i.e., total digestion) may result in values that are not representative of the 
aquifer since the totals analysis involves a complete digestion of any suspended particles. Total 
recoverable is generally more representative of aquifer conditions as only those metals attached 
to suspended matter will be "stripped" during the acidification process. Filtered (dissolved) 
samples may not be representative. 


The request to remove gross beta from the list of monitoring parameters states that the standard 
is based upon only man-made constituents contributing to gross beta. Although this is generally 
true, the gross beta test detects beta particle activity from both natural and man-made sources. 
I agree that the use of a gross beta standard may be inapplicable in this situation, however, the 
test does provide useful data in characterizing the radioactive properties of the groundwater 
sampled. There are numerous naturally occurring beta-emitters, including Radium-228, 
Potassium-40, Rudidium-87, Thorium-234, Lead-214, Bismuth-214 and Lead-210, several of 
which are Uranium-238 daughters. This office would be willing to reduce the monitoring 
frequency of gross beta from quarterly to annually. Additionally, future results that exceed the 
permit MGL or AWQS for gross beta will not be viewed as an exceedance of the primary 
standard based on man-made radio-nuclides. They may be interpreted as violations of narrative 
AWQS however. 


The Department would also like to modify the permit to include a requirement that the permittee 
re-analyze any parameter that exceeds a permit limit or AWQS, within thirty days of becoming 
aware of the exceedance, as part of a contingency action. 


I would like to point out that only minor modifications to Groundwater Quality Protection 
Permits (GWQPPs) are permissible. Major modifications to permits require a public notice, and 
the only vehicle the Department has to conduct major modifications to GWQPPs is by going 
through the APP process. The following are considered to be minor modifications to GWQPPs, 
in accordance with the former A.A.C. R9-20-221.B.8.: 


1) to correct typographical errors; 
2) to require more or less frequent monitoring or reporting by the permittee; 
3) to change an interim compliance date in a schedule of compliance; 


4) to change construction requirements. 
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The Department feels that the removal of monitoring requirements falls outside the realm of 
minor modifications. 


Please review the recommendations I have made above, and then contact me at your 
convenience. I will prepare a modification to your permit, but will await for your response 
before any formal changes are made. 


If you have any questions regarding this matter, feel free to contact me at 257-2270. 


Sincerely, 


ELL 


Ed Pond 

Mining APP Unit 

Plan Review and Permits Section 
Office of Water Quality 


EP:lg 


Ce; Julie Major, Water Pollution Compliance Unit 
Jim DuBois, Groundwater Monitoring Unit 


Where are the static 
water levels recorded? 
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Discharge Monitoring 


On an annual basis the effluent from the 
septic system shall be sampled and analyzed 
for those parameters listed in Part 
I1.B.2.b. The sampling point shall be 
located after the effluent flows from the 
septic tank and before disposal to the leach 
trenches. 


Impoundment Monitoring 


The operator shall inspect the impoundment 
for mechanical damage, seam failure and 
maintenance of freeboard on a daily basis. 


Groundwater Monitoring 


The operator shall monitor the water 

suppl y/monitoring well, Department of Water 
Resources Well Registry No. 55-518877, 
quarterly for the parameters listed in Part 
I1.B.2.a. and annually for the parameters 


listed in Part I1.B.2.b. Static water level 
in the well shall be measured and recorded 
prior to sample pumping. If the well is 
used for production, pumping shall be 
suspended for 24 hours prior to observing 


evacuate at least one bore volume prior to 
sampling the monitoring well. The amount 
pumped»shall. be recorded. The water purged 
from the well shall be contained in the 
lined impoundment, stored in impervious 


containers, or used at the mine site. 


Mine Inflow Monitoring 


Mine inflows shall be monitored in the shaft 
and at the mine sump. Within the shaft, 
water quality and quantity shall be 
monitored annually from each geologic unit 
which continues to produce water for the 
parameters listed in Part II.B.2.b. Water 
quality analysis shall not be subject to 
Maximum Groundwater Limits. 


Inflows within the mine shall be monitored 
at the mine sump for quality by quarterly 
sampling and analysis for the paraneters 
listed in Part II.B.2.a. and annually for 
the parameters listed in Part II.B.2.b. 
Quantity of mine inflows shall be estimated 
on a quarterly basis taking into account the 
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consumption of water by underground drilling 
and dust control, and the return flows from 
these operations. Any significant inflows 
shall be depicted on a mine map and 
submitted to ADEQ as part of the quarterly 
report. 


c. Phase III - Post-Mining 


The purpose of monitoring during the post-mining 
phase is to determine the effectiveness of the 
closure activities. 


The operator shall continue to monitor the water 
sampling/monitoring well, Division of Water 
Resources Well Registry No. 55-51877 semiannually 
during a minimum period of fifteen (15) years for 
the parameters in Part II.B.2.b. “The Maximum 
Groundwater Limits shall be those calculated for 
Phase Il (mining) groundwater monitoring. 


Constituents for Analyses 


Two categories of constituents for analysis shall be 
used while monitoring - indicator parameters with Alert 
Levels and comprehensive list of parameters with Maximum 
Groundwater Limits: 


a. Indicator Parameters — 


If laboratory chemical analyses for a water sample 
would detect concentrations of gross alpha, gross 
beta, and/or any of the selected trace elements in 
excess of the alert levels, the source for the 
water sample would be resampled and analyzed for 
the comprehensive list of parameters: 
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METHOD OF 

PARAMETER ALERT LEVEL REF I.D.(1) — ANALYSIS 

milligrams 

per liter) 
Arsenic Reserved* 1 206.2 
Barium Reserved* 2 208.1 
Cadmium Reserved* 1 213.2 
Copper Reserved* 2 220.1 
Iron Reserved* 2 236.1 
Lead Reserved* 1 239.2 
Manganese Reserved* 2 242.1 
Mercury Reserved* 1 245.1 
Nitrate (as N)  Reserved* 3 --- 
Selenium Reserved* 1 270.2 
Silver Reserved* 2 272.1 
Zinc Reserved* 2 289.1 

(picocuries 

per_ liter) 
Uranium (total) Reserved* 9,10 --- 
Gross Alpha Reserved* 4,13 703 
Gross Beta Reserved* 413 703 


(1) standard references are listed on Attachment I to 
this Permit. 


* Reserved - Alert levels shall be established once 
Phase I - Premining Ambient Groundwater 
Characterization, has been completed and evaluated by 
the Department. 


Comprehensive List of Parameters 


The comprehensive list of parameters shall be utilized 
for all samples during Phase I of sampling and yearly 
thereafter during Phase II at all sampling sites. 

This list will also be used in the case that the Alert 
Levels for indicator parameters are exceeded and a 
confirmation sample is needed. 


MAXIMUM GROUND- METHOD OF 

PARAMETER WATER LIMITS REF I.D.(1) ANALYSIS 

milligrams 

per liter) 
Alkalinity 

(as carbonate) Reserved** 4 403 

Arsenic Reserved** 1 206.2 
Barium Reserved** 2 208.1 
Bicarbonate Reserved** 3 305.1 
Cadmium Reserved** 1 213.82 
Calcium Reserved** 2 215 «1 
Carbonate Reserved** 4 403 
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(Cont'd. ) 
MAXIMUM GROUND- METHOD OF 
PARAMETER WATER LIMITS REF I.D.(1) — ANALYSIS 
milligrams 


per liter) 
Chloride Reserved** 3 325.3 
Chromium (total) Reserved** 1 218.2 
Copper Reserved** 2 220.1 
Fluoride Reserved** 3 340.2 
Iron Reserved** 2 236.1 
Lead Reserved** 1 239.2 
Magnesium Reserved** 2 243.1 
Manganese Reserved** 2 243.1 
Mercury Reserved** 1 245.1 
Nitrate (as N)  Reserved** 3 wae 
Phosphate Reserved** 4 424 
Potassium Reserved** 2 258.1 
Selenium Reserved** 1 270.2 
Silver Reserved** 2 27 Zack 
Silica Reserved** - --- 
Sodium Reserved** 2 2736 
Sul fate Reserved** 3 375.<3 
Total Dis- 
solved Solids Reserved** 3 160.3 
Zinc Reserved** 2 289.1 

(micromhos 

per centimeter) 
Specific 
Conductance Reserved** 3 120 «ih 

(picocuries 

per_ liter) 
Gross Alpha Reserved** 4,13 703 
Gross Beta Reserved** 4,13 703 
Total Uranium Reserved** 9,10 --- 
Thorium 230 Reserved** 9,10 --- 
Radium 226 Reserved** 4,7 705,706 


(1) standard references are listed on Attachment I to 
this Permit. 


** Reserved - Maximum Groundwater Limits shall be 
based on the ambient concentrations of chemical 
constituents in groundwater. A statistical analysis 
of the results of the Phase I monitoring program shall 
be used to determine the Maximum Groundwater Limits as 
follows: 
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(1) If a primary or secondary drinking water 
standard or Maximum Groundwater Limit has been 
established for a parameter by Arizona State 
regulatory agencies, and if the arithmetic mean 
plus two standard deviations of concentrations 
of the parameter in groundwater samples 
Obtained during the pre-mining period does not 
exceed the drinking water standard, the Maximum 
Groundwater Limit shall be the drinking water 
standard. 


If the arithmetic mean plus two standard 
deviations of concentrations of the parameter 
exceeds an established primary or secondary 
drinking water standard, the Maximum 
Groundwater Limit shall be the arithmetic mean 
plus two standard deviations of concentration 
of the parameter in groundwater samples. 


(2) If a primary or secondary drinking water 
standard has not been established by the 
regul atory agencies for a parameter and the 
parameter is detected in groundwater samples 
during the pre-mining period, or if the 
arithmetic mean plus two standard deviations of 
concentrations in groundwater samples obtained 
during the pre-mining period exceeds the 
established drinking water standard, then the 
Maximum Groundwater Limit shall be the 
arithmetic mean plus two standard deviations of 
the pre-mining concentrations. 


(3) If a paraneter is not detected during the pre- 
mining monitoring period, and a primary or 
secondary drinking water standard has not been 
established for the parameter, the Maximum 
Groundwater Limit shall be twice the detection 
limit for the EPA laboratory method used. 


Monitoring Forms 


All monitoring results shall be recorded and reported on 
the Self-Monitoring Form supplied by ADEQ. This form 
should be given to the laboratory performing the analysis. 


Re porting 


The permittee shall submit a report summarizing progress of 
the mine development and monitoring results on an annual 
basis. The report shall contain a current site plan, a 
map of the underground mine workings including elevations, 
and shall indicate the locations of all monitoring sites 
required by this permit. All analytical monitoring results 
for the previous quarter shall be postmarked no later than 
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the 28th day of the second month following the completed 
reporting period as indicated below: 


Sel f-Monitoring Report Forms for are due by 
lst Quarter (Jan, Feb, Mar). May 28 
2nd Quarter (Apr, May, Jun) Aug 28 
3rd Quarter (Jul, Aug, Sep) Nov 28 
4th Quarter (Oct, Nov, Dec) Feb 28 


All laboratory reports shall be submitted to the following 
location: 


Arizona Department of Environmental Quality 
OWQ - Water Pollution/UST Compliance Unit 
2005 North Central Avenue 

Phoenix, Arizona 85004 


C. Contingency Requirements 


1. 


Should any of the monitoring results required by this 
permit exceed the alert level specified for a particular 
parameter, the permittee shall immediately notify the 
Department of the apparent exceedance and resample to 
determine the validity of the sample result. 


In the event that a confirmed exceedance of the Maximum 
Groundwater Limit specified in Part II.B.2.b. occurs at the 
monitoring well, the operator shall submit a report within 
60 days which assesses the impacts from the exceedance and 
the mining operation. 


In the event that the minimum freeboard requirement 
specified in Part II.A.l.a. is violated, the permittee 
shall construct an additional impoundment equivalent in 
construction to the lined impoundment required by Part 
IT.A.1.a. 


In the event that any portion of the containment system or 
the septic system fails, resulting in the violation of 
permit conditions, the owner/operator shall notify the 
Department's Water Pollution/UST Compliance Unit and the 
Mohave County Health Department immediately to determine 
the appropriate action to mitigate the effects of the 
violation. 


D. Closure/Post Closure 


te 


The Department shall be notified in writing at least one 
hundred and eighty (180) days prior to closure or 
abandonment of the facility. The operator shall submit and 
have approved an updated Post-closure Plan prior to this 
time. 


‘izona Department ‘of Envisonmental Quality 
i: Pan 


Date | 1-Fa 


From: 


Water Pollution Compliance Unit 
(] Review {] Per Conversation 
{] Note & See Me {] As Requested 
{] Note & Return (] Necessary Action 
{] Comment (] Information 
{] Prepare Draft for: {] Your Copy 


{] Assistant Director's Signature 
{] Director's Signature 
Remarks: 


WPCU/ FORM 


ARIZONA DEPARTMENT OF ENVIRONMENTAL QUALITY 


INTER-OFFICE MEMORANDUM 


January 17, 1992 


Ref: 


#565 


Harley R. Hiett P.E., Manager 
Northern Regional Office 


Reza Azizi, Acting Manager Wh 
Water Pollution Compliance Unit 


Jerry Stout, Compliance Officer | bod 
Water Pollution Compliance Unit 


Hermit Mine Groundwater Quality Protection Permit (GWQP) 


#G0035-08, Fredonia, Mohave County 


On September 25, 1989 staff from the Northern Regional Office (NRO) 
of the Arizona Department of Environmental Quality (ADEQ) performed 


an inspection on the above facility. 
staff detected no deficiencies in the operation, 


During this inspection, NRO 
maintenance, or 


management of this system. On May 28, 1991, the Water Pollution 
Compliance Unit (WPCU) notified the facility that they had violated 
the terms of their GWQP by not submitting a quarterly monitoring 
report for the first quarter of 1991. On June 14, 
received a letter from Energy Fuels Nuclear (EFN), asking that the 
letter of noncompliance be rescinded due to the monitoring report 


being received by ADEQ before the deadline. 


1991, the WPCU 


In addition, on June 


12, 1991, the QWQP was modified to reflect new reporting dates for 
the facility. On June 14, 1991, the WPCT sent a letter to the 
facility rescinding the notice of violation of their permit (copy 
enclosed). 


On July 3, 


have 


1990, EFN reported that Maximum Groundwater Limits may 


been exceeded at Hermit Mine. On November 14, 1991, State 
Programs Hydrology Unit personnel determined that Aquifer Water 
Quality Standards has not been exceeded by the facility (copy 
enclosed). 


The facility is now in post-closure per the 
Protection Permit Unit (MAPP). In addition, 
Manager, MAPP, notified personnel of the Water Pollution Compliance 
via telephone on November 11, 1991, that MAPP will take 


Unit 


jurisdiction in this case. Consequently, the WPCU 
that no further enforcement action will be taken against the 
facility at this time, pending additional notification from MAPP. 


Mining Aquifer 
Roger Kennett, 


has’ determined 


If you have any questions regarding this matter, please call me at 


(602) 


cc: 


257-2202. 


Roger Kennett, Manager, Mining APP Unit 
Lauren Evans, Manager, Permits Hydrology Unit 


¥ 


a /_ 


eae ARIZONA DEPARTMENT OF ENVIRONMENTAL QUALITY 
FIFE ee GOVERNOR ee O 2UG 
NGTON, ee 


RANDOLPH WOOD, P.E., DIRECTOR 


REF# 
June 14, 1991 


Mr. Donn M. Pillmore 
Energy Fuels Nuclear, Inc. 
P. O. Box 36 

Fredonia, Arizona 86022 


RE: ENERGY FUELS NUCLEAR - HERMIT MINE 
100299 380209 G-0035-08 


Dear Mr. Pillmore: 
In response to your letter of June 11, please disregard our 


letter from Louis Parsons, dated May 28, 1991. Your reporting 
is in full compliance with your referenced Permit, as written. 


We regret any inconvenience caused. 


Should you have further questions or concerns, please write or 
call me at (602) 257-2210. 


Sincerely, 


Water Pollutio pliance Tracking 
:wh 


ens Central Regional Office 
Mohave County Health Department 


The Department of Environmental Quality is An Equal Opportunity Affirmative Action Employer. 


Post Office Box 600 Phoenix, Arizona 85001-0600 
Recycled Paper . 


2 ARIZONA DEPARTMENT OF ENVIRONMENTAL QUALITY 


MEMORANDUM 
H-100299 
HU9 1-068 
November 14, 1991 
FOr Abby Myers, Supervisor 


Water Permits Unit 


THRU: Lauren Evans P.G., Supervisor 


State Programs Hydrology Unit me 


om Se 


FROM: Jim DuBois, Hydrologist 
State Programs Hydrology Unit 


RE: Hermit Mine GWQPP #G0035-08 


As you requested, I have reviewed a report titled “Water Quality Data Evaluation, Hermit 
Mine Site" prepared by Canonie Environmental Corp. in June, 1991, as well as a 
transmittal letter from Energy Fuels Nuclear, Inc. (EFN). These documents have been 
submitted to ADEQ as part of EFN’s contingency measures invoked because of MGL 
violations at the monitor well at the Hermit Mine Site. 


I conclude from the data presented that the facility has not caused or contributed to 
exceedence of numeric Aquifer Water Quality Standards (AWQS) at the point of 
compliance. The metals for which where are Federal Primary MCLs as well as barium, 
fluoride, and nitrate are all well within the limits specified for Arizona aquifers. While 
gross alpha concentrations are high in the samples taken, none of then exceed the permit 
MGL, which I presume was set based upon ambient groundwater concentrations. The 
results for gross alpha are not easily interpreted because they do not subtract out the 
contribution from uranium and radon. Subtracting the effect of these constituents might 
even bring the measured values within numeric Aquifer Water Quality Standards. Also, 
the QA/QC tests conducted indicate that the Barringer lab being used does not produce 
good consistency. The permittee should consider using a different lab. 


The results for gross beta are variable and may indicate a health concern for consumption 
of the water, but the standard for a discharging facility is based upon only those man- 
made constituents contributing to gross beta - an impossibility at this site where only 
mining of naturally occurring ore has taken place. For Radium 226, only two non- 
consecutive measurements show exceedence with subsequent samplings indicating 
compliance. Radium 228 has not been analyzed, but should be analyzed in future tests. 


The pre- 
maining 
samples 
were 
collected 
from 


boreholes, 


not the R/ 
M well 


“e 


Abby Myers HU91-068 
November 14, 1991 
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It is difficult to say from the data collected whether or not the post-mining monitoring 
shows that discharge is occurring from the facility. I presume from the strict MGLs set 
and from the fact that MGLs were established for a much broader range of constituents 
than primary MCLs, that the intent of the monitoring scheme was to detect the 
occurrence of any form of discharge. Canonie’s argument that the chemical signature 
based upon radionuclide, nitrate, and arsenic concentration of the mine sump water does 
not match that of groundwater is persuasive. Nitrate should be a particularly good 
indicator in this setting, and the groundwater does not show a trace of nitrate in the last 
nine rounds of sampling. If there has been a discharge, it is not from the mine sump 
fluids. 


Most of the indicators selected for monitoring for discharge in the permit are not very 
useful. I think that the exceedences of MGLs for constituents like EC, alkalinity, 
bicarbonate, chloride, calcium, magnesium, sodium, iron, manganese, and uranium, at 
levels slightly above the specified MGL simply show that the ambient concentrations of 
these constituents were not adequately defined before permitting the facility. I 
recommend no compliance action for these constituents at this time. 


I agree with Canonie’s conclusions that sediment in the well water and inadequate purge 
volumes may be the cause of some of these exceedences. The permit should be modified 
to require sampling methods consistent with ADEQ’s QAPP, i.e., filtered samples for 
indicator parameters stabilized prior to sampling. Reanalysis of any parameter indicating 
an exceedence is a standard permit contingency requirement that should be si ieee 
into this GWQPP. ,>* 


I disagree with Canonie’s recommendation to exclude gross alpha from the monitored 
constituents. Our Aquifer Water Quality Standards are set based upon this analysis, and 
if they switch to a better lab, they should not have a problem with the QA/QC of the 
results. 


JD:hm 
a:hermit.mem#jd1 


ee! Julie Major, Water Pollution Compliance Unit 


MU93:02__ File No. 100299 


November 1, 1993 


Mr. Roger B. Smith 

Manager of Uranium Mine Operations 
Energy Fuels Nuclear, Inc. 

P.O. Box 36 

Fredonia, Arizona 86022 


Re: Modification to Groundwater Quality Protection Permit No. G-0035-08, Hermit 
Mine 


Dear Mr. Smith: 


The Arizona Department of Environmental Quality Mining APP Unit has reviewed 
your submittals regarding the modifications to the above referenced permit. Based on 
that review this office has incorporated the following minor modifications to permit no. 
G-0035-08 (see attached sheets) : 


Bis Radium-228 has been added to the list of comprehensive list of monitoring 
parameters. No alert levels or maximum groundwater limits will be established 
at this time, although the Department reserves the right to establish permit limits 
if deemed necessary at some later date; 


a Uranium (total)! and radon-222 have been added to the list as a contingency if 
gross alpha particle activity exceeds 15 picocuries per liter (pCi/L); 


a. The gross beta particle activity monitoring has been reduced to an annual 
monitoring frequency; 


4, Sample collection procedures shall be modified to include the purging of a 
minimum of three well bore volumes from the production/monitor well prior to 
sampling and the monitoring of pH, conductivity, and temperature during the 
purging process to insure stabilization of these parameters to within 10% of the 
previous three measurements prior to sampling. Future samples should not be 
filtered as proposed, because, according to the Canonie report of June 1991 
submitted to this office, all previous samples collected to establish the permit 
limits and for compliance monitoring purposes were unfiltered samples. All 


future analyses should be for total metals, consistent with previous sampling and 
analysis; 


3 Confirmation sampling of any parameter exceeding the maximum groundwater 
limit or the alert level has been included in PART II.C.1. 


In your letter dated July 16, 1993 you requested that all monitoring parameters be 
reduced to an annual monitoring frequency, an alteration to the original proposal, 
which was to only reduce the monitoring frequency of the gross alpha and gross beta 
particle activities. In order to consider your revised proposal, it will be necessary to 
have an ADEQ hydrologist conduct an analysis of your proposal, which will add 
significant time to the modification process considering the Department's already over- 
taxed resources. At this time the Department is willing to proceed with the minor 
modifications described above. It would be more prudent to concentrate the workload 
of the Mining APP Unit and Permits Hydrology staff to work on existing and new 
Aquifer Protection Permits such as the Arizona 1 Mine and the Canyon Mine. Your 
request to reduce the monitoring frequency of all parameters is denied at this time. If 
you wish the Department to reconsider the request, a full hydrologic analysis will be 
required. Please indicate if you wish the Mining APP Unit to reconsider the request. 
The processing time will likely be lengthy. 


The request to change the method of determining the alert levels and maximum 
groundwater limits can not be accommodated as a minor modification because the 
method for setting permit limits is specified in the permit, and to change the method 
would be a major modification to the permit. The only avenue open for making such a 
modification is through the APP process. 


If you have any questions or comments regarding this matter, feel free to contact me at 
(602) 207-4575. Upon your written concurrence to the proposed modifications this 
office shall officially modify the permit and notify the ADEQ Water Pollution 
Compliance Unit of the changes. 


Sincerely, 
Ed Pond 
Environmental Program Specialist 


Mining APP Unit 
Office of Water Quality 


1 Uranium (total) is the sum of the U-234, U-235, and U-238 particle activities. 


cc: | Water Pollution Compliance Unit 
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energy fuels nuclear, inc. 


2555 N. Hwy 89A 
HC 64, Box 152 Operations - (602) 643-7321 
Fredonia, Arizona 86022 Fax Number - (602) 643-7328 


atin, — July 16, 1993 


Mr. Ed. ‘Pond 
Mining APP Unit 
Arizona Department of Environmental Quality 


P.O. Box 600 van 


Phoenix, Arizona 85001-0600 


Dear Mr. Pond: 


Re: Modification to Groundwater Quality Protection Permit 
#6-0035-08; Hermit Mine 


Energy Fuels Nuclear, Inc. (EFNI), has resumed the post min- 
ing schedule of monitor well sampling at the Hermit Mine. As per 
our telephone conversation in May of this year, EFNI formally 
requests that the Hermit Groundwater Protection Permit be modified... 
“to iprmitgpost. mining water sampling:on“an*dnnual:basiagfor the | 
comprehensive list of parameters rather than the current semiannu- 
al schedule. Changes in monitoring frequency are considered minor . 
modifications and are permissible. 


EFNI agrees to add the analyte Ra 228 to the comprehensive - 
list of parameters contained in.Part IIb 2 b of the permit with 
the understanding that no maximum levels (MGL) will be assigned 
for the analyte. 


_EFNI has also elected to filter future water samples. prior :t@ 
wciditteation and submission for total analysis, This decision is 
supported by the fact that samples used to establish the premining 
baseline were all filtered prior to analysis. 


<{t.is further..requested that. those ‘radionuclide: MGLAs whith 
incorporate. a. ‘counting eOXXOL,:, AveigeRa, 2265- jgross?alpha,\igrogg 
¢beta, and thorium.230 be: reported -assa*ranges SBagher' ‘than-reportingg - 
“misingle: aiuéi The proposed MGI’s would be the mean of the 
counting error, plus two standard deviations. 


ee aM 


Q/2'd - - AWSSTONN STAN4 ADNAN WWTS:TT €6. S@ 190 


Seas 


Mr. Ed Pond 
July 16, 1993 
Page 2 


The ecconmandad radionuclide MGL‘s are. listed as: followat res 


Gross Alpha 57.6 ~ 110.2 
“Radium 226 3.5 = 5.2 


Verbal approval by telephone or faceted is as soon as: na eal 
plus written approval to follow will be greatly appreciated.:: 


' Sincerely, : —ae - 


«than Lbasthh 


Lawrence L. Casebolt 
Sr. Mine Geologist 


LLC/kse 


cc: Mr. Roger B. Smith 
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Mr. Donn M, Pillmore 

Chief Geologist/Environmental Coordinator 
Energy Fuels Nuclear 

P.O, Box 36 

Fredonia, Arizona 86022 


RE: Requested modification to Groundwater Quality Protection Permit No: G-0035-08 
(Hermit Mine) 


Dear Mr. Pillmore: 


The Mining APP Unit of the Arizona Department of Environmental Quality has reviewed the 
request for modification to the above-referenced permit. Energy Fuels Nuclear has requested 
to drop the requirement to monitor groundwater samples for gross alpha and gross beta particle 
activity, in accordance with the conclusions from the Canonie Environmental Corporation report 
titled "Water Quality Data Evaluation, Hermit Mine Site". 


This office does agree with some of the points of the Canonie report, mainly that seepage from 
the mine sump is not the cause of exceedances of permit MGLs. This office will not 
recommend any further compliance action with respect to the exceedances at this time. 


The Mining APP Unit doés not agree with the recommendation to exclude gross alpha from the 
list of monitoring parameters. Current Arizona Aquifer Water Quality Standards (AWQS) are 
set based upon the analysis for gross alpha particle activity, using EPA method 900.1, in 
accordance with Arizona Administrative Code (A.A.C.) R18-11-406.C. and A.A.C. R18-11- 
403.B. The QA/QC tests conducted by Canonié Environmental indicate that the Barringer Lab 
currently being used does not produce good consistency, This office recommends switching to 
a lab that can produce more accurate and consistent results. 


The Department further recommends the GWQPP No. G-0035-08 be modified to include the 
following: 


1) monitoring for Radium 228; 


2) monitoring for Radon and Uranium if gross alpha activity exceeds 15 pCi/1; 


The Department of Environmental! Quality is An Equa! Opportunity Affirmative Action Employer. Jf 


Post Office Box 600 Phoenix, Arizona 85001-0600 
Recycled 
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Mr. Donn M. Pillmore 
April 9, 1992 
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3) modification of sample collection procedures to purge at a minimum 3 bore volumes of 
water and monitor pH, EC and temperature until these parameters have stabilized with 
no more than a 10% variation. The greater volume of the two should be purged. 


The Canonie report also concludes that sediment in the well water may be contributing to MGL 
exceedances. Monitoring for the purposes of demonstrating compliance with Aquifer Water 
Quality Standards or permit limits requires that metals analyses be for'total recoverable metals. 
The Mining APP Unit recommends that future samples be for total recoverable metals. Total 
metals analyses (i.e., total digestion) may result in values that are not representative of the 
aquifer since the totals analysis involves a complete digestion of any suspended particles. Total 
recoverable is generally more representative of aquifer conditions as only those metals attached 
to suspended matter will be "stripped" during the acidification process. Filtered (dissolved) 
samples may not be representative. 


The request to remove gross beta from the list of monitoring parameters states that the standard 
is based upon only man-made constituents contributing to gross beta. Although this is generally 
true, the gross beta test detects beta particle activity from both natural and man-made sources. 
I agree that the use of a gross beta standard may be inapplicable in this situation, however, the 
test does provide useful data in characterizing the radioactive properties of the groundwater 
sampled, There are numerous naturally occurring beta-emitters, including Radium-228, 
Potassium-40, Rudidium-87, Thorium-234, Lead-214, Bismuth-214 and Lead-210, several of 
which are Uranium-238 daughters. This office would be willing to reduce the monitoring 
frequency of gross beta from quarterly to annually. Additionally, future results that exceed the 
permit MGL or AWQS for gross beta will not be viewed as an exceedance of the primary 
standard based on man-made radio-nuclides. They may be interpreted as violations of narrative 
AWOQS however. 


The Department would also like to modify the permit to include a requirement that the permittee 
re-analyze any parameter that exceeds a permit limit or AWQS, within thirty days of becoming 
aware of the exceedance, as part of a contingency action. 


I would like to point out that only minor modifications to Groundwater Quality Protection 
Permits (GWQPPs) are permissible, Major modifications to permits require a public notice, and 
the only vehicle the Department has to conduct major modifications to GWQPPs is by going 
through the APP process. The following are considered to be minor modifications to GWQPPs, 
in accordance with the former A.A.C. R9-20-221.B.8,: 


1) to correct typographical errors; 

2) to require more or less frequent monitoring or reporting by the permittee; 
3) to change an interim compliance date in a schedule of compliance; 

4) to change construction requirements. 
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Mr. Donn M. Pillmore 
April 9, 1992 
Page 3 


The Department feels that the removal of monitoring requirements falls outside the realm of 
minor modifications, 

Please review the recommendations I have made above, and then contact me at your 
convenience, I will prepare a modification to your permit, but will await for your response 
before any formal changes are made. 


If you have any questions regarding this matter, feel free to contact me at-257-2270; 


Sincerely, % 7 


6 0r~ 307.45 7> 
Ed Pond 


Mining APP Unit 
Plan Review and Permits Section 
Office of Water Quality 


EP:lg 


cc: Julie Major, Water Pollution Compliance Unit 
Jim DuBois, Groundwater Monitoring Unit 
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energy fuels nuclear, inc. 


2555 N. Hwy 89A 
HC 64, Box 152 Operations - (602) 643-7321 
Fredonia, Arizona 86022 ; Fax Number - (602) 643-7328 
July 16, 1993 
CERTIFIE 246 814 799 
Mr. Ed, Pond 


Mining APP Unit 

Arizona Department of Environmental Quality 
P.O. Box 600 

Phoenix, Arizona 85001-0600 


Dear Mr. Pond: 


Re: Modification to Groundwater Quality Protection Permit 
#6~0035-08; Hermit Mine 


Energy Fuels Nuclear, Inc. (EFNI), has resumed the post min- 
ing schedule of monitor well sampling at the Hermit Mine. As per 
our telephone conversation in May of this year, EFNI formally 
requests that the Hermit Groundwater Protection Permit be modified 
to permit post mining water sampling on an annual basis for the 
comprehensive list of parameters rather than the current semiannu- 
al schedule. Changes in monitoring frequency are considered minor 
modifications and are permissible. 


EFNI agrees to add the analyte Ra 228 to the comprehensive 
list of parameters contained in Part IIb 2 b of the permit with 
the understanding that no maximum levels (MGL) will be assigned 
for the analyte. 


EFNI has also elected to filter future water samples prior to 
acidification and submission for total analysis. This decision is 
supported by the fact that samples used to establish the premining 
baseline were all filtered prior to analysis. 


It is further requested that those radionuclide MGL’s which 
incorporate a counting error, i.e., Ra 226, gross alpha, gross 
beta, and thorium 230 be reported as a range rather than reporting 
a single value. The proposed MGL’s would be the mean of the 
counting error, plus two standard deviations. 
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Mr. Ed Pond 
July 16, 1993 
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The recommended radionuclide MGL’s are listed as follows: - 


Analyte 
EPA gross alpha gross Al 
E pha 
= 20 pCi/L Thorium 230 


Radium 226 


Verbal approval by telephone or facsimile as soon as possible 
plus written approval to follow will be greatly appreciated. 


Sincerely, 


thaw» 2 Laat 


Lawrence L. Casebolt 
Sr. Mine Geologist 


LLC/kse 


cc: Mr. Roger B. Smith 


EYE *d MUS TIONN STSN4 ASASN]A WHBT:TT €6. 28 2b 


maa 


RECEIVED 


; AUG 9 199 
energy fuels nuclear, inc. a ae 
2555 N. Hwy 89A 
HC 64, Box 152 Operations - (602) 643-7321 
Fredonia, Arizona 86022 Fax Number - (602) 643-7328 


July 16, 1993 
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Mr. Ed Pond 

Mining APP Unit 

Arizona Department of Environmental Quality 
P.O. Box 600 

Phoenix, Arizona 85001-0600 


Dear Mr. Pond: 


Re: Modification to Groundwater Quality Protection Permit 
#6-0035-08; Hermit Mine 


Energy Fuels Nuclear, Inc. (EFNI), has resumed the post min- 
ing schedule of monitor well sampling at the Hermit Mine. As per 
our telephone conversation in May of this year, EFNI formally 
requests that the Hermit Groundwater Protection Permit be modified 
to permit post mining water sampling on an annual basis for the 
comprehensive list of parameters rather than the current semiannu- 
al schedule. Changes in monitoring frequency are considered minor 
modifications and are permissible. 


EFNI agrees to add the analyte Ra 228 to the comprehensive 
list of parameters contained in Part IIb 2 b of the permit with 
the understanding that no maximum levels (MGL) will be assigned 
for the analyte. 


EFNI has also elected to filter future water samples prior to 
acidification and submission for total analysis. This decision is 
supported by the fact that samples used to establish the premining 
baseline were all filtered prior to analysis. 


It is further requested that those radionuclide MGL’s which 
incorporate a counting error, i.e., Ra 226, gross alpha, gross 
beta, and thorium 230 be reported as a range rather than reporting 
a single value. The proposed MGL’s would be the mean of the 
counting error, plus two standard deviations. 


Mr. Ed Pond 
July 16, 1993 
Page 2 


The recommended radionuclide MGL’s are listed as follows: 


Analyte MGL 
Gross Alpha 57.6 - 110.2 pci/l 
Thorium 230 0.2 - t.8opetsi 
Radium 226 3.5 - 5.2 pei/l 


Verbal approval by telephone or facsimile as soon as possible 
plus written approval to follow will be greatly appreciated. 


Sincerely, 


sae aed 


Lawrence L. Casebolt 
Sr. Mine Geologist 


LLC/ksc 


cc: Mr. Roger B. Smith 
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MEETING AGENDA 


ADEQ-WPS-MU AND INTERNATIONAL URANIUM (USA) CORPORATION 
TUESDAY, NOVEMBER 10, 1998 


Introductions and Opening Comments 
Kanab North Mine 


IUC Status Update 
ADEQ APP Application 
General Discussion 


Hermit Mine 


IUC Status Update 
ADEQ Closure Requirements 
General Discussion 


Pinenut Mine 


IUC Status Update 
ADEQ APP Application Status 
General Discussion 


Canyon Mine 
IUC Status Update 
ADEQ APP Application Status 
General Discussion 
Meeting Summary and Wrap Up 
Decisions 
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HERMIT MINE GROW RESULTS-MINING 


16 U,ag/| 
17 Alk as CaC03,ag/! 
18 HCO3 as CaC03,ng/I 


26 K,ag/I 


32 Gross alpha,pCi/I 
33 Gross beta,pCi/I 
34 Th230,pCi/I 
35 Ra226,pCi/I 


36 Electrical conductivity, 


37 umhos/ca 
38 pH, units 
39 TSS, ag/! 
40 


21-DEC-89 14:45:17 Pg 1 


B c D E F ¢ 
PREMINING SAMPLE RESULTS SAMPLE RESULTS SAMPLE RESULTS SAMPLE RESULTS MAXIM 
SAMPLE STANDARD HER 044 HER 048 HER 051 ACCEPTABLE 
MEAN DEVIATION 08-29-89 09-21-89 10-19-89 VALUE 
0.012 0.0060 0.004 0.008 0.022 0.0241 
0.022 0.0179 0.02 0.02 0.01 0.0678 
0.006 0.0112 0.006 0 0 0.0274 
0.022 0.0110 0.02 0 0 0.0439 
6.98 2.1167 2 11.6 4.71 11.2114 
0.03 0.0671 0 0 0 0.1642 
0.106 0.0404 0.23 0.49 0.89 0.1867, 
0.00054 0.0005 0 0 0 0.0018 
0.0152 0.0138 0.02 0.009 0.023 0.0428 
0.01 0.0100 0 0 0 0.0300 
0.0878 0.0603 0.077 0 0.043 0.1885 
0.0025 0.0003 0.0035 0.0043 0.0064 0.0030 
157.4 1.6733 150 0 ‘160.7466 
157.4 1.8733 150 150 180.7486 
0 0.0000 0 0.0000 
547 36.5718 542 547 620.1437. 
41.2 1.4370 0 39 44.0740 
0.08 0.0663 0 0.01 0.2197 
1.37 0.0615 1.28 1.43 1.6331 
181.6 8.9331 186 201 199.4862 
0 0.0000 0 0 0.0000 
23.28 2.6967 24.2 31.6 28.6715 
12.42 0.9602 11.5 9.8 14.3404 
14.8 5.4649 16 102 85.7298 
2298 99.3982 2280 2280 2424..7964 
3466 29.6648 3440 3220 3615 .3296 
0.14 0.3130 0 0 0.7661 
20.4 31.7616 2% ©8619 78 83.9232 
33 5.2440 rs! 6 43.4881 
0.34 0.3286 0.2 0 0.9973 
1.96 1.2064 3.3 0.8 4.3708 
3324 115.4558 3470 3400 3564.9112 
0 0.0000 0.0000 
7.5625 0.3600 6.92 6.8525 
32.25 37.3486 0.0000 
TABLE II 


Mining Water Quality Results 
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Telephone Conversation Log 


sa rare DeWelt iil /0/22.198 mee lee Pm, 
Name: . Phone: (470) &77- 27a 
Mc. Ro ar Smith (520) G4%-732 
Of: Suckumottinned Wun Cororvodiny Fax: (970) 677-2747 
Pi 520)643-73298 
Re: , i 
Mums = 2 GWAPP > 
Record of conversation: \ 
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1 PARAMETER, UNIT HR 012 HR 019 HR 025 HR 032 HER 041 PREMINING SAMPLE STANDARD MAXIMUM ACCEPTABLE 
~28-88 09-29-89 12-23-88 05-31-89 SAMPLE MEAN 
Ge euawestes side os” =~ ena ns — 
4 As,ng/! 0.013 0.015 0.02 0.006 0.006 0.012 0.0060 0.0241 
5 Ba,ng/! 0.01 0.02 0.04 0.04 0 0.022 0.0179 0.0578 
6 Cd,ng/! 0 0.025 0 0 0 0.005 0.0112 0.0274 
7 Cu,ng/! 0.01 0.02 0.02 0.04 0.02 0.022 0.0110 0.0439 
8 Fe,ng/! 4.03 7.48 6.21 7.33 9.85 6.98 2.1157 11.2114 
9 Pb,mg/! 0 0.15 0 0 0 0.03 0.0671 0.1642 
10 Mn,g/! 0.08 0.11 0.09 0.1 0.17 0.106 0.0404 0.1867 
11 Hg,ag/! 0.0011 0.0011 0.0003 0 0.0002 0.00054 0.0005 0.0016 
12 Se,ng/! 0.009 0 0.037 0.012 0.018 0.0152 0.0138 0.0428 
13 Ag,ag/! 0.01 0.02 0.02 0 0 0.01 0.0100 0.0300 
14 Zn,ng/! 0 0.118 0.07 0.136 0.016 0.0678 0.0803 0.1885 
15 U,ag/! 0.0025 0.0025 0.0022 0.0024 0.0029 0.0025 0.0003 0.0030 ~ 0.030 
16 Alk as CaC03,mg/I 159 155 157 157 159 157.4 1.6733 160.7488 
17 HCO3 as CaC03 159 155 157 157 159 157.4 1.6733 160.7486 
18 C03, mg/! 0 0 0 0 Oo. 0 0.0000 0.0000 
19 Ca,ng/I 585 877 494 533 B46 547 36.5718 620.1437 
20 Cl,eg/! 43 41 42.3 40.1 39.6 oy 41.2 1.4370 44.0740 
21 Cr,ag/! 0.1 0.15 0.13 0.01 0.01 0.08 0.0663 0.2127 
22 F,ng/I 1.47 1.39 1.32 1.41 1.26 1.37 0.0815 1.5331 
23 Mg, g/ I 183 192 169 177 187 181.6 8.9331 199.4662 
24 P04, ag/! 0 0 0 0 0 0 0.0000 0.0000 
25 K,ag/I 25.3 24.4 19.4 21.6 25.7 23.28 2.6957 28.6715 
26 $i02,ag/I 13.6 12.8 ul 12.6 12.1 12.42 0.9602 14.3404 
27 Na,ng/! 70.1 78.8 69.5 73.6 82 74.8 5.4649 85.7298 
28 $04, mg/! 2230 2240 2080 2220 2360 2226 99.3982 2424 .7964 
29 TDS,ng/! 3500 3450 3430 3430 3470 3456 29.6648 35153296 
30 NO3 as N,ag/! 0.7 0 0 0 0 0.14 0.3130 0.7661 
31 Gross alpha, pCi/I 0 0 76 12 4 20.4 31.7616 83.9232 
32 Gross beta, pCi/| 31 27 38 30 39 33 5.2440 43.4881 
33 Th230, pCi/I 0 0.7 0.4 0.6 0 0.34 0.3286 0.9973 
34 Ra226,ng/I 3.5 2.6 0.4 2.1 1.2 1.96 1.2054 4.3708 
35 Electrical conductiv 3430 3210 3340 3440 3200 3324 115.4556 3554.9112 
36 ushos/ca 0.0000 
37 pH,units 8.02 7.2 7.4 7.59 7.5525 0.3500 8.2625 
38 TSS,ng/! 18 14 9 88 32.25 37.3486 106.9472 
EXHIBIT #2. 
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MEETING AGENDA 


ADEQ-WPS-MU AND INTERNATIONAL URANIUM (USA) CORPORATION 
TUESDAY, NOVEMBER 10, 1998 


Introductions and Opening Comments 
Kanab North Mine 
IUC Status Update 


ADEQ APP Application 
General Discussion 


Hermit Mine 
IUC Status Update y ax 
ADEQ Closure Requirements ~ Note - Rogncy ot 
General Discussion 
Pinenut Mine 
IUC Status Update 
ADEQ APP Application Status 
General Discussion 
Canyon Mine 
IUC Status Update 
ADEQ APP Application Status 
General Discussion 
Meeting Summary and Wrap Up 
Decisions ~ 


Action Items 
Schedules 


FE Tuc testing, - fi0ofAB 1:00pm. 
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INTERNATIONAL WATER PERMITS 
IUC URANIUM (USA) , FEB 0 1 19993 
CORPORATION 


aeCEIVED 


H.C. 64 © Box 153 ¢ 2555 No. Highway 89A ¢ Fredonia, AZ 86022 ¢ 520 643 7321 (phone) * 520 643 7328 (fax) 


January 29, 1999 


VIA UPS 

Mr. Craig DeWalt, REM 

Arizona Department of Environmental Quality 
3033 North Central Avenue, M0401A 
Phoenix, Arizona 85012 


Re: Hermit Mine - Clean Closure - Additional Information Requests 
Dear Craig, 


Pursuant to our telephone conversation on January 14, 1999, enclosed please find the additional 
information you requested in regard to the Hermit Mine Clean Closure report. 


International Uranium (USA) Corporation is submitting two copies of the additional information you 
requested in order to facilitate expeditious review of the responses and supporting documentation. 
After reviewing the enclosed data should you have any questions or require additional information 
please feel free to call Mr. Roger Smith, General Manager of Mining Operations or me at 520-643- 


7321. 
Very truly yours, 
Donn M. Pillmore 
Project Manager 
Enclosures 


ec Dennis L. Turner/ADEQ 
Jayanta Das/ADEQ 
R. B. Smith 


WATER PERMITS 


FEB 0 1 1999 


HERMIT MINE CLOSURE RECEIVED 
ADDITIONAL INFORMATION REQUESTS PER PHONE CALL 
FROM CRAIG DEWALT W/ADEQ, JANUARY 14, 1999 


1) Discrepancy between well registration number cited in the Notice of Disposal documentation 


(reg. # 55-517832) and the well registration number on the monitoring well (55-518877). 
Please clarify. 


RESPONSE: 


Energy Fuels Nuclear, Inc. selected a drilling contractor and commenced drilling a 
water supply well on July 10, 1987. The registration number of this well was 55- 
517832. The bore hole was drift surveyed at a depth of 975 feet, which revealed the 
bore hole had drifted excessively. Because the drilling contractor specified a maximum 
deviation of 4 degrees, which was exceeded, the contractor elected to abandon the job. 
The bore hole was abandoned and reclaimed on August 19, 1987 in compliance with 
state regulations and all necessary forms and notices filed with the State. 


Drilling on the water well (Arizona Registration No. 55-518877) commenced on August 
27, 1987, after receipt of the necessary drilling permits from the Arizona Department 
of Water Resources. This well was completed to a total depth of 3,030 feet on 
December 23, 1987. The hole bottomed in the Redwall Limestone Formation. 


2) ADEQ needs a copy of the well completion/construction detail. Wants to know the TD of 
the well, where the aquifer was intersected, and where the pump is positioned. Also we need 
to verify the elevation of the bottom of the mine. 


RESPONSE 


The well was drilled to a total depth of 3,030 feet and bottomed in the Redwall 
Limestone Formation. Water was encountered at a depth of 2,855 feet and the pump 
was set at a depth of 1,917 feet. Dimensions and depths of the well and casing strings 
are presented as follows: 


Hole Size and Depth Casing Size and Length 

12 1/4"- Surface to 20 feet 10", 1/4" wall, 17 feet 

11" - 20 to 980 feet 8 5/8", 24 lb., 970 feet 

7 7/8" - 980 to 1,810 feet 5 1/2", 14 lb., 1,798 feet 

6 1/4" - 1,810 to 2,020 feet Uncased hole from 1,798 feet to 
43/4" - 2,020 to 3,030 feet 3,030 feet, TD 


A casing grout job was performed on the 5 1/2" casing by Halliburton Co. of Farmington, NM 
on November 4, 1987. An expandable packer shoe was installed at the bottom of the 5 1/2" 
casing to protect the open hole below the 1,798 foot depth. 


Mr. Craig DeWalt, REM 

Arizona Department of Environmental Quality 
January 29, 1999 

Page 2 


3) Latitude and Longitude of the monitor well. 
RESPONSE: 


Latitude: 36°41'21" N 
Longitude: 112°45'04" W 


4) A copy of the actual lab reports for all of the monitoring data, from mine closure in 1990 to 
present, that have been reported to the ADEQ on their data sheets. 


RESPONSE: 


A copy of the actual lab reports for all of the monitoring data from mine closure in 1990 to 
present are enclosed. Quarterly monitoring was being conducted between the 4th quarter 
1990 (sample HERO73) and the 2nd quarter in 1993 (sample HER137), for a total of 11 
laboratory analyses. Bi-annual monitoring commenced in 1993 (sample HER148), for a total 
of 11 laboratory analyses. 


5) A written explanation why the GWPP states that there will be a single pond with 12.6 acre 
feet and in fact we constructed 2 ponds (6.5 & 6.8 acre feet) and how this satisfied the 
requirements to be able to handle a 500 year storm event. 


- "As Built" drawings of the pond for the file 

- Documentation on pond construction if available 

- Written statement that the ponds were inspected on a weekly basis, and that when the 
pond liner was salvaged what condition it was in and whether or not it was reused on 
another project 


RESPONSE: 


Two ponds were constructed at the Hermit Mine with a total capacity of 13.3 acre feet. The 
pond was originally going to be constructed as a single 12.6 acre feet pond, but to facilitate 
mining operations the pond was constructed as two cells joined together with a spillway. The 
resultant facility was two cells, a 6.5 acre feet cell and a 6.8 acre feet cell. During life of the 
mining operation, it was only necessary to use the 6.5 acre feet cell, the 6.8 acre feet cell was 
never required for water strorage. 


An "as built" drawing of the pond can not be located, although, an "in-house" memorandum 
discussing the Hermit Pond Liner Installation is enclosed for your review. The two celled pond 


Mr. Craig DeWalt, REM 

Arizona Department of Environmental Quality 
January 29, 1999 

Page 3 


was inspected on a weekly basis to check the pond liner and verify there were no rips or 
damage which could cause leakage. The pond liner was salvage during reclamation activities 
for future use on other mining operations. 


6) Prepare and submit a summation of the monitor well water analysis from mine shut down in 
1990 to present. Include a statement to the effect that since there have not been any 


significant fluctuations in the monitoring results, that monitoring at the Hermit mine should 
be terminated. 


RESPONSE: 


A summary of all of the monitor well water analysis, from mine shut down in 1990 to present, 
has been prepared and is attached herewith. As noted in 4) above, quarterly monitoring was 
being conducted between the 4th quarter 1990 (sample HERO73) and the 2nd quarter in 1993 
(sample HER137), for a total of 11 laboratory analyses. Bi-annual monitoring commenced in 
1993 (sample HER148), for a total of 11 laboratory analyses. 


7) There was a letter, written March 8, 1995 by Roger Smith, that states steps will be taken to 
resolve the apparent exceedences from analysis performed on water samples from the 
monitoring well. Was there any follow-up to this letter? 


RESPONSE: 


No follow up letters or data can be located, however, it was determined at the time the 
malfunctioning pump was pulled from the well, that water samples were contaminated from 
heavy build up of scale material accumulated on the inside and outside of the pump discharge 
column. Also, a condition of natural occurring electrolysis at the pump elevation took place, 
significantly replacing the metal pump stator and column pipe with other minerals and metals. 
This condition clearly contributed to the minor exceedences detected during on going analysis 
of water from the monitor well. 
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15000 W. 6TH AVE., SUITE 300 


BARRINGER LABORATORIES INC. wove.’ °\°™“Gon re 


(303) 277-1687 
1-Feb-91 
Larry Casebolt 
ENERGY FUELS NUCLEAR Page: 1 
P.O. Box 36 Copy: 1 of 3 
Fredonia, AZ 86022 Set : 1 


Attn: Received: 26-Oct-90 15:23 
Project: PO #: 
Job: 903500E Status: Final 
AMENDED REPORT 
Sample Type: Water 
Alkalinity CO3 HCO3 Cl pH Specific TDS 


as CaCO3 as CaCO3 as CaCc03 Conductance 
Sample mg/l mg/l mg/l mg/l _unit umho/cm mg/l 


_HERO73 161 <1 161 40 7.38 3470 3380 


TSS NO3 as N PO4 as P_ S04 S$i02 As Ba 
Total Total 
Sample _mg/l mg/l mg/l mq/1l mg/l mq/1l mg/l 
HERO73 <4 <0... <OeL 1830 30 0.002 0.01 
Ca Cd Cr Cu F Fe 
Total Total Total Total Total 


Sample mg/l mq/l mg/l mg/l mg/l mg/l 
HERO73 525 <0.005 <0.01 <0. 0% Lee 9.47 


Meeting The Analytical Challenges Of A Changing World 


BARRINGER LABORATORIES INC. 


Larry Casebolt 
ENERGY FUELS NUCLEAR 
P.O. Box 36 


Fredonia, AZ 86022 
Attn: 
Project: PO #: 
Job: 903500E 
AMENDED REPORT 
Sample Type: Water 
Pb Mg Mn Hg 
Total Total Total Total 


15000 W. 6TH AVE., SUITE 300 
GOLDEN, COLORADO 80401 
PHONE: (303) 277-1687 


1-Feb-91 


Page: 2 
Copy: 1of 3 
Set : ii, 


Received: 26-Oct-90 15:23 


Status: Final 
) 
K Ag 
Total Total 


Sample mg/l mg/l mq/1l mg/l mg/l mg/l 


20.1 0.01 


Gross Alpha Error 


HERO73 <0.02 177 0.12 <0.0002 
Se Na zn 
Total Total Total Total 


Sample mg/l mg/l mg/l pci/l 20* 


HERO73 <0.002 78.1 0.111 


58 +26 


Meeting The Analytical Challenges Of A Changing World 


15000 W. 6TH AVE., SUITE 300 


BARRINGER LABORATORIES INC eopee ee Rae oy orn ves) 


(303) 277-1687 
1-Feb-91 
Larry Casebolt 
ENERGY FUELS NUCLEAR Page: 3 
P.O. Box 36 Copy: iof 3 
Fredonia, AZ 86022 Set : 1 


Attn: 


Received: 26-Oct-90 15:23 
Project: PO #: 


Job: 903500E Status: Final 


AMENDED REPORT 
Sample Type: Water 
Gross Beta Error Ra-226 Error Ra-228 Error Th-230 Error 
Total Total Total Total 
Sample pei 7) 20* pci/l 20% pci/l 20* pci/l 20* 


HERO73 48 +14 3-2 £0.6 1.5 £1.23 0.0 +0.5 


U 
Total 
Sample _mg/l 


HERO73 0.0009 Should be more like ~0.9 mg/L (90 ppb) compared to 58 +26 pCi/L gross alpha 


The font is smaller than (where it can be seen) on the following pages 


Meeting The Analytical Challenges Of A Changing World 


oo 


Why was Barringer Laboratories still used after they performed poorly on the Lab Accuracy test? 


BARRINGER LABORATORIES INC. 


15000 W. 6TH AVE., SUITE 300, GOLDEN, COLORADO 80401 ~ PHONE (303) 277-1687 


nea iWie iN 2-May-91 
Larry Casebolt SS an 
ENERGY FUELS NUCLEAR i Page: 1 
P.O. Box 36 iI Copy: lof 3 
Fredonia, AZ 86022 ae we Set : i, 
Attn: Received: 5-Apr-91 09:07 
Project: Hermit Mine Water PO #: 
Job: 91654E Status: Final 
Sample Type: Water 
Alkalinity HCO3 folek} il § pH Specific 
as CacOoO3 as CacO3 as CaCc03 Conductance 
Sample mg/l mg/l mg/l mg/l unit umho/cm 
-HERO94— 154 154 <1 41 6.84 2440 
TDS NO3 as N P04 S04 $io2 Ag 
Total 
Sample mg/l mg/l mq/l mg/l mg/l mg/l 
HERO94 3250 <0O.1 <0.1 2290 12 «6 <0.01 
As Ba Ca Cd cr Cu 
Total Total Total Total Total Total 
Sample mg/l mg/l mg/l mg/l mg/l mg/l 
HERO94 0.002 0.01 513 <0.005 <0.01 <0.01 
F Fe Pb Mg Mn Hg 
Total Total Total Total Total 
Sample mg/l mg/l mg/l mg/l mg/l mg/l 
HERO94 i AR os 6.41 <0.02 P61 0.09 <0.0002 
K Se Na zn Gross Alpha Error 
Total Total Total Total Total 
Sample mg/l mg/l mg/l mg/l pci/l 20 
HERO94 26.7 <0.002 68.6 <0.005 71 +31 <0.1 mg/L (100 ppb) 
Gross Beta Error Ra-226 Error Th-230 Error U 
Total Total Total Total 
Giggle . velo Ww8e.. . pois ge le 
HERO94 27 +15 2.# 0.5 0.0 +0.4 0.0027 2-7 ppb 


Is this letterhead a photocopy of a photocopy? 


PTIe EY “Thoppy ee 


BARRINGER LABORATORIES INC. 


15000 W. 6TH AVE., SUITE 300, GOLDEN, COLORADO 80401 PHONE (303) 277-1687 


22-May-91 
Don Pilmor 
ENERGY FUELS NUCLEAR Page: 1 
P.O. Box 36 Copy: i of 3 
Fredonia, AZ 86022 Set : + 
Attn: Received: 3-May-91 10:06 
Project: Hermit Min PO #: 
Job: 91830E Status: Final 
Sample Type: Water 
Alkalinity | HCO3 CO3 cl pH Specific 
as Caco3 as CacO3 as CaCcO3 Conductance 
Sample mg/l mg/l mg/l mg/l unit umho/cm 
-HER100 162 162 <1 40 7.56 2580 
TDS TSS NO3 as N PO4 S04 $io2 
Sample mg/l mg/l mg/l mg/l mg/l mg/l 
HER100 3360 17 <O.1 <O.1 2270 12.7 
Ag As Ba Ca Cd Cr 
Total Total Total Total Total Total 
Sample mg/l mg/l mg/l mg/l mg/l mg/l 
HER100 <0.01 <0.001 0.01 579 0.009 0.01 
Cu F Fe Pb Mg Mn 
Total Total Total Total Total 
Sample mg/l mg/l mg/l mq/l mg/l mq/l 
HER100 <0.01 Ld 7.07 <0.02 191 0.09 
Hg K Se Na zn 
Total Total Total Total Total 
Sample mg/l mg/l mg/l mg/l mg/l 
HER100 <0.0002 21.7 <0.001 T5ek <0.005 
Gross Alpha Error Gross Beta Error Ra-226 Error 
Total Total Total 
Sample pci/l 20 peisi 20 fe Fe a 
HER100 10 +19 15 +14 335 20. 7 


Gross alpha would not be lower than gross beta 


1 Co 


BARRINGER LABORATORIES INC. 


15000 W. 6TH AVE., SUITE 300, GOLDEN, COLORADO 80401 PHONE (303) 277-1687 


22-May-91 
Don Pilmor 

ENERGY FUELS NUCLEAR Page: 2 
P.O. Box 36 Copy: 1of 3 
Fredonia, AZ 86022 Set : i 
Attn: Received: 3-May-91 10:06 
Project: Hermit Min PO #: 

Job: 91830E Status: Final 


Sample Type: Water 


Th-230 Error U 
Total Total 
Sample pci/l 20 mq/l 


HER100 0.0 +0.5 0.0016 


BARRINGER LABORATORIES INC 


15000 W. 6TH AVE., SUITE 300 GOLDEN, CO 80401 (303) 277-1687 FAX (303) 277-1689 


9-Oct-91 
Don Pilmor 
ENERGY FUELS NUCLEAR Page: 1 
P.O. Box 36 Copy: 1 of 3 
Fredonia, AZ 86022 Set ; i 
Attn: Received: 26-Sep-91 10:42 
Project: PO #: 
Job: 911810E Status: Final 
Sample Type: Water 
Ag As Ba Ca cd Cr 
Total Total Total Total Total Total 
Sample mq/1l mg/l mg/l mg/l mg/l mg/l 
HER 112_ <0. 01 0.006 0.02 658 <0.005 0.02 
Cu F Fe Pb Mg Mn 
Total Total Total Total Total Total 
Sample mg/l mg/l mg/l mg/l mg/l mg/l 
HER 112 0.01 <0... 94:3 <0.02 218 0.12 
Hg K Se Na zn Alkalinity 
Total Total Total Total Total as Caco3 
Sample mg/l mg/l mq/1l mg/l mg/l mg/l 
HER 112 <0.0002 25 <0.002 91 <0.005 177 
pH TDS NO3 as N P04 S04 $io2 
Dissolved 
Sample unit mg/l mg/l mg/l mg/l a 
HER 112 7.09 3280 0.2 <@:..1. 1860 14 
HCO3 CcO3 el Specific Gross Alpha Error 
as CacO3 as CaCc03 Conductance Total 
Sample __mg/l_ mg/l mg/l umho/cm i a te 
HER 112 L177 cI de 3140 Zo. 22H: 
; =0.04 mg/L (40 ppb) 
Gross Beta Error Ra-226 Error Th-230 Error U 
Total Total Total Total 
Sample pci/l 20 pci/l 20 pci/l 20 mg/l 
HER 112 24 £73 2.8 +£0:6 0:5;0°40..5 <0.0003 * 


* Verified by reanalysis. 


The method used has a 
LLD of 0.005 - this 
measurement is not 
possible 


BARRINGER LABORATORIES INC. 


15000 W. 6TH AVE., SUITE 300 GOLDEN, CO 80401 (303) 277-1687 FAX (303) 277-1689 


20-Jan-92 
Mr. Lawrence Casebolt 
ENERGY FUELS NUCLEAR Page: 1 
P.O. Box 36 Copy: 1 06f 2 
Fredonia, AZ 86022 Set : 1 
Attn: Lawrence Casebolt Received: 6-Jan-92 11:29 
Project: PO #: 
Job: 923028E Status: Final 
Sample Type: Water 
Ag As Ba Ca Cd Ob 
Total Total Total Total Total Total 
Sample mg/l mg/l mg/l mg/l mg/l mg/l 
HER 114 <0.01 <0.001 0.01 571 <0.005 0.03 
Cu F Fe Pb Mg Mn 
Total Total Total Total Total 
Sample mg/l mq/1l mg/l mg/l mg/l mg/l 
HER 114 0.02 0.5 6.61 <0.02 184 0.09 
Hg K Se Na zn Alkalinity 
Total Total Total Total Total as Cac03 
Sample mg/l mg/l mg/l mg/l mg/l mg/h 
HER 114 <0.0002 20.2 <0.002 733 0.005 L73 
HCO3 CO3 cl pH Conductance TDS 
as CacO3 as CaC0O3 
Sample mg/l mg/l mg/l unit umho/cm mg/l 
HER 114 173 <1 38 6.95 4140 3760 
NO3 as N PO4 S04 Sio2 Gross Alpha Error 
Total Total 
Sample mg/l mg/l mg/l mg/l HCi/7. 20 
HER 114 0.9 <1 2290 13:...4 12 +18 
Gross Beta Error Ra-226 Error Th-230 Error U 
Total Total Total Total 
Sample pGisi 20 pci/i 20 pci/l 20 mg/l 
HER 114 37. 23 1.9 £0.5 0.0 £0.'5 0.0019 


Gross beta can not be higher than gross alpha 


“A 


BARRINGER LABORATORIES INC. 


15000 W. 6TH AVE., SUITE 300 GOLDEN, CO 80401 (303) 277-1687 FAX (303) 277-1689 
13-May-92 
Mr. Lawrence Casebolt 

ENERGY FUELS NUCLEAR 


Page: ne 
P.O. Box 36 


Copy: 1 of 2 


Fredonia, AZ 86022 Set ; 1 
Attn: Received: 3-Apr-92 09:18 
Project: PO #: 
Job: 923806 Status: Fina 
Parameter Water 

Silver Total mg/l <0.01 
Arsenic Total mg/l 0.002 
Barium Total mg/l 0.04 
Calcium Total mg/l 566 
Cadmium Total mg/l <0.005 
Chromium Total mg/l 0.03 
Copper Total mg/l 0.03 
Fluoride mg/l 0.9 
Iron Total mg/l 6.1 
Lead Total mg/l <0.02 
Magnesium Total mg/l 191 
Manganese Total mg/l 0.10 
Mercury Total mg/l <0.0002 
Potassium Total mg/l 21,3 
Selenium Total mg/l <0.002 
Sodium Total mg/l 75.5 
Zinc Total mg/l 0.052 
Alkalinity as Caco3 mg/l 168 
HCO3 as Caco3 mg/l 169 
CO3 as Caco3 mg/l <1 
Chloride mg/l 40 
pH unit 7.89 
Specific Conductance yumho/cm 3060 
TDS mg/l 3410 
NO3 as N mg/l <0.1 
Phosphate mg/l <O.1 
Sulfate mg/l 2200 


Silica Total mg/l 17.6 


BARRINGER LABORATORIES INC. 


15000 W. 6TH AVE., SUITE 300 GOLDEN, CO 80401 (303) 277-1687 FAX (303) 277-1689 


13-May-92 
Mr. Lawrence Casebolt 

ENERGY FUELS NUCLEAR Page: 2 
P.O. Box 36 Copy: 1of 2 
Fredonia, AZ 86022 Set : 2 
Attn: Received: 3-Apr-92 09:18 
Project: PO #: 

ob: 923806 tus: Final 


Sample Type: Water 


Gross Alpha Error Gross Beta Error Ra-226 Error Th-230 Error 


Total Total Total Total 
Sample pci/l 20 pci/l 20 pci/l 20 pci/i 2¢ 
HER 120 9 +20 44 +15 8.9 +1.7 0.0 +0.5 
Beta would not be higher than Alpha 
U U is highest contributor to Alpha, maybe 
U Gross Alpha excludeds alpha from U? 
Total Total 
Sample mg/l pci/i(1) 
HER 120 0.0008 0.5 
Lab did not have the 


capabilities to measure 
the U concentration this 
small and to this 
precision 


Letterhead was copied from a copy 


BARRINGER LABORATORIES, INC. 


15000 W. 6TH AVE., SUITE 300 GOLDEN, CO 80401 (303) 277-1687 FAX (303) 277-1689 
21-Oct-92 

Mr. Lawrence Casebolt 

ENERGY FUELS NUCLEAR 

P.O. Box 36 

Fredonia, AZ 86022 


Page: ne 
Copy: lof 2 


Attn: Lawrence Casebolt Received: 30-Sep-92 09:30 
Project: Hermit Mine Well PO #: 
Job: 925116E tatus: ina 
Parameter Water 
Silver Total mg/l <0.01 
Arsenic Total mg/l <0.001 
Barium Total mg/l 0.01 
Calcium Total mg/l 524 
Cadmium Total mg/l <0.005 
Chromium Total mg/l <0.01 
Copper Total mg/l <0.01 
Fluoride mg/l 3.1 
Iron Total mg/l 5.40 
Lead Total mg/l <0.02 
Magnesium Total mg/1 204 
Manganese Total mg/l 0.06 
Mercury Total mg/l 0.0002 
Potassium Total mg/l 21.7 
Selenium Total mg/l <0.002 
Sodium Total mg/l 78.1 
Zinc Total mg/l 0.038 
Alkalinity as CaCcO3 mg/l 160 
CO3 as CacO3 mg/l <1.0 
HCO3 as CacoO3 mg/l 160 
Chloride mg/1 41 
pH unit 6.98 
Conductance umho/cm 3700 
TDS e mg/l 3330 
NO3 as N mg/l <0O.1 
Phosphate mg/l <0.1 
Sulfate mg/l 2280 


Silica Total mg/l 6.13 


BARRINGER LABORATORIES, INC. 


15000 W. 6TH AVE., SUITE 300 GOLDEN, CO 80401 (303) 277-1687 FAX (303) 277-1689 


21-Oct-92 
Mr. Lawrence Casebolt 
ENERGY FUELS NUCLEAR Page: 2 


P.O. Box 36 Copy: 1of 2 
Fredonia, AZ 86022 


Attn: Lawrence Casebolt Received: 30-Sep-92 09:30 
Project: Hermit Mine Well PO #: 
Job: 925116E Status: Final 


Sample Type: Water 


Gross Alpha Error Gross Beta Error Ra-226 Error 
Total Total Total 
Sample pei/i 20 pci/l 20 pci/l 20 


HER126 24 +22 34 +12 10 +2 


Th-230 Error U 
Total Total 
Sample _pCi/1l 20 mg/l 


a - ATTACHED 
HER126 0.0 +1.0 0.0068 — See Hee (27 


Een he asteyS ts ok &t 


BARRINGER LABORATORIES, INC 


15000 W. 6TH AVE., SUITE 300 GOLDEN, CO 80401 (303) 277-1687 FAX (303) 277-1689 


Mr. Lawrence Casebolt 
ENERGY FUELS NUCLEAR 
P.O. Box 36 

Fredonia, AZ 86022 


Attn: Lawrence Casebolt Received: 6-Nov-92 09:30 
Project: Hermit Mine Well PO #: 
Job: 925466E Status: Final 


Sample Type: Water 


U 
Total 
Sample mg/l 


-HER127 © 0.0005 


Lab did not have the capability to measure U concentrations this small 
Method used only could measure to 0.005 not to 0.0005 mg/L 


Vngivic CCraflenges OFA Chaneing World 


BARRINGER LABORATORIES INC. 


15000 W. 6TH AVE., SUITE 300 GOLDEN, CO 80401 (303) 277-1687 FAX (303) 277-1689 
5-Aug-92 
Mr. Lawrence Casebolt 

ENERGY FUELS NUCLEAR 


Page: i 
P.O. Box 36 


Copy: 1 o0f 2 
Fredonia, AZ 86022 Set : 


: al 
Attn: Received: 6-Jul-92 09:30 
Project: Hermit Mine H20 Well PO #: 
Job: 924506E Status: Final 


Sample Type: Water 


Silver Arsenic Barium Calcium Cadmium Chromium Copper 


Total Total Total Total Total Total Total 
Sample mg/l mg/l mg/l mg/l mg/l mg/l mg/l 
‘HER122.0—s <0..01 0.003 <0.01 587  <0.005 <0.01 <0.01 
Fluoride Iron Lead Magnesium Manganese Mercury 
Total Total Total Total Total Total 
Sample _ mg/l __ mq/l mg/l mg/l mg/l mg/l 
HER122 1.6 5.64 <0.02 = 199 0.07 <0.0002 
Potassium Selenium Sodium Zinc Alkalinity Cco3 
Total Total Total Total as CaCO3 as CaCc03 


Sample __mg/l_ mg/l mg/l mg/l mg/l mg/l 


as cacO3 
Sample jiumg/l omg nit _wmho/em _ _mg/l__ __mg/l__ 
HER122 159 35 7.37 1500 3410 0.2 


Phosphate Sulfate SsIo 


Sample __mg/l__. __mg/l mq/1l 


HER122 <O.1 2100 5.40 


BARRINGER LABORATORIES INC. 


15000 W. 6TH AVE., SUITE 300 GOLDEN, CO 80401 (303) 277-1687 FAX (303) 277-1689 


5-Aug-92 
Mr. Lawrence Casebolt 
ENERGY FUELS NUCLEAR Page: 2 
P.O. Box 36 Copy: 1of 2 
Fredonia, AZ 86022 Set : 2 
Attn: Received: 6-Jul-92 09:30 
Project: Hermit Mine H20 Well PO #: 
Job: 924506E Status: Final 


Sample Type: Water 


Gross Alpha Error Gross Beta Error Ra-226 Error Th-230 Error 
Total Total Total Total 
Sample Beis). 20 pci/l 20 pci/l 20 pci/l 20 


HER122 24 +16 32 +14 3.1 +0.9 0.0 +0.5 
Gross alpha would be higher than gross beta 
U 


Total Total 
Sample mg/l pci/1(2) 


HER122 0.0004 0.3 


Alpha decay from uranium is the largest contributor to gross alpha 


If gross alpha really is 24 pCi/L then U ~21 pCi/L would correlate to =0.03 mg/L (30 ppb) 


Mn, 


BARRINGER LABORATORIES INC. 


15000 W. 6TH AVE., SUITE 300 GOLDEN, CO 80401 (303) 277-1687 FAX (303) 277-1689 


18-Jan-93 
Mr. Lawrence Casebolt 
ENERGY FUELS NUCLEAR Page: R-1 
P.O. Box 36 Copy: lof 2 
Fredonia, AZ 86022 


When collected? 
Attn: Lawrence Casebolt 
Project: Hermit Mine Well PO #: 


{e) e 


Sample Type: Water 


Received: 15-Dec-92 09:30 


Silver Arsenic Barium Calcium Cadmium Chromium Copper 
Total Total Total Total Total Total Total 


Sample _mg/l _mg/l__ _mg/]__—__mg/]_~=~—=sma/]——smg/] sng] 


-HER129 9 <0.01 = 0.003 0.01 618 <0.005 <0.01 <0.01 
Fluoride Iron Lead Magnesium Manganese Mercury 
Total Total Total Total Total 
Sample _mg/l mg/l _ mg/l _§mo/l _ mg/l g/l 
HER129 1.5 4.83 0.03 208 0.05 <0.0002 
Potassium Selenium Sodium Zinc Alkalinity co3 
Total Total Total Total as CacO3 as Cac03 
Sample —.mg/i__) mg/l. mg/l Weg/). g/l, — eg) 
HER129 23.9 0.032 84.4 <0.005 158 <1 


HCO3 (bicarbonate) is not the same as CaCO3 (carbonate) 


HCO3 Chloride pH Conductance MTDS NO3 as N 
as CaCcO3 


Sample _mg/l__ _mg/l__s- ___unit ___umho/em__ __mg/l_s- __mg/l__ 


HER129 158 37 6.87 3520 3410 <0.1 
Phosphate Sulfate Silica 
Dissolved Total 

Sample _mg/l___ __mg/l__ss __mg/l__ 

HER129 <0.1 2130 6.17 


Increasing sulfate could be due to oxidation of sulfide mineralization, 
which would lower pH. If oxidation of sulfide mineralization is 
occurring, so can oxidation of the uraninite 


15000 W. 6TH AVE., SUITE 300 GOLDEN, CO 80401 (303) 277-1687 FAX (303) 277-1689 


/ ib 
\ BARRINGER LABORATORIES INC. 


18-Jan-93 
Mr. Lawrence Casebolt 
ENERGY FUELS NUCLEAR Page: R-2 
P.O. Box 36 Copy: 1of 2 
Fredonia, AZ 86022 
Attn: Lawrence Casebolt Received: 15-Dec-92 09:30 
Project: Hermit Mine Well PO #: 
Job: 9257 tatus: 


Sample Type: Water 


Gross Alpha Error Gross Beta Error Ra-226 Error 


Total Total Total 

Sample pci7i 20 pci/l 20 pci/l 2g 
HER129 46 +29 48 +13 5.8 +1.3 

Th-230 Error U 

Total Total 
Sample _pCi/l 20 £3_ mg/l 

46 pCi/L =0.07 mg/L (70 ppb) 

HER129 1.6 +0.8 0.0005 


Uranium concentration is increasing with sulfate concentration 


3 
\ ' / 
~ 


BARRINGER LABORATORIES INC 


15000 W. 6TH AVE., SUITE 300 GOLDEN, CO 80401 (303) 277-1687 FAX (303) 277-1689 


16-Jul-93 
Mr. Lawrence Casebolt 
ENERGY FUELS NUCLEAR Page: R-1 
P.O. Box 36 Copy: 1o0of 2 
Fredonia, AZ 86022 
Attn: Received: 21-Jun-93 09:45 
Project: PO #: 
Job: 937485E 


Status: Final 


Sample Type: Water 


Silver Arsenic Barium Calcium Cadmium 
Total Total Total Total Total 
Sample Id mg/l mg/l ma/1 mg/1 mg/l 


‘HER 137 | <0.01 <0.001 0.01 652 <0.005 


Chromium Copper Fluoride Iron Lead 
Total Total Total Total Total 
Sample Id mg/l mg/l mg/l mq/1 mq/1 
HER 137 40.01. <0.01 2.8 ATT <0.02 


Magnesium Manganese Mercury Potassium Selenium 
Total Total Total Total Total 
Sample Id mg/l mg/l mg/l mg/l mg/l 


HER 137 208 0.06 <0.0002 23.4 <0.002 
Sodium Zinc Alkalinity HCO3 Co3 
Total Total as CaCO3 as CaCO3 as CaC0O3 
Sample Id mg/l mg/l mg/l mg/l mq/1 
HER 137 83.0 <0.005 162 162 <1 
Chloride pH Specific TDS TSS 
Conductance 
Sample Id |: mg/l unit umho/cm mg/l mg/l 
HER 137 37 6.93 2030 3450 8 


NO3 as N Phosphate Sulfate Silica 
Total 
Sample Id mg/l mq/1 mg/l ma/1 
HER 137 <0°..2 <0..2 2280 6.12 


Sulfate still increasing, pH still below 7 


BARRINGER LABORATORIES INC 


15000 W. 6TH AVE., SUITE 300 GOLDEN, CO 80401 (303) 277-1687 FAX (303) 277-1689 


16-Jul-93 
Mr. Lawrence Casebolt 


ENERGY FUELS NUCLEAR 
P.O. Box 36 
Fredonia, AZ 86022 


Page: R-2 
Copy: 1of 2 


Attn: Received: 21-Jun-93 09:45 
Project: PO #: 


Job: 937485E Status: Final 


Sample Type: Water 


Total Total 
Sample Id pei/i + 20 Ci/l 20 
Gross Alpha should not be 
HER 137 34 +2Slower than Gross Beta 58 +26 
Ra-226 Ra-228 
Total Total 
Sample Id Cisl + 20 Ci/l + 20 
HER 137 9.3 42.1 0.9 41.9 
Th-230 U 
Total Total 
Sample Id Ciyl + 20 mg/l 


HER 137 0.2 +0.8 0.0022 #Howid lab measure this concentration? 


. gh. the . ( 
\ BARRINGER LABORATORIES INC. 


15000 W. 6TH AVE., SUITE 300 GOLDEN, CO 80401 (303) 277-1687 FAX (303) 277-1689 


9-Apr-93 
Mr. Lawrence Casebolt 
ENERGY FUELS NUCLEAR Page: R-5 


P.O. Box 36 Copy: lof 2 
Fredonia, AZ 86022 


Attn: Received: 11-Mar-93 10:15 
Project: PO #: 
Job: 936 tatus: al 


Sample Type: Water 


Silver Arsenic Barium Calcium Cadmium Chromium Copper 
Total Total Total Total Total Total Total 


HER134—s <0.01 0.005 0.01 600 <0.005 <0.01 <0.01 
Fluoride Iron Lead Magnesium Manganese Mercury 
Total Total Total Total Total Total 
Sample mg/l. mg/d. 0 mg/l. g/l g/L g/) 
HER134 2.1 4.62 <0.02 200 0.05 <0.0002 
Potassium Selenium Sodium Zinc Alkalinity HCO3 
Total Total Total Total as CacoO3 as CaCcO03 
Sample ug/l meee gs ees. Ug 
HER134 22.8 <0.002 79.7 <0.005 152 i352 
CcO3 Chloride pH Specific TDS NO3 
as CacO3 Conductance 
Sample _mg/l__ _mg/1 unit umho/cm maq/l maq/l 
HER134 <1 38 6.90 3040 2790 <0O.1 
Phosphate Sulfate Silicon 
Dissolved Dissolved 
Sample 7d mes) es) 
HER134 <0.02 1960 6.23 


sulfate decreasing 


‘a As . 
\ BARRINGER LABORATORIES INC. 


000 W. 6TH AVE., SUITE 300 GOLDEN, CO 80401 (303) 277-1687 FAX (303) 277-1689 


12-Apr-93 
Mr. Lawrence Casebolt 
ENERGY FUELS NUCLEAR Page: R-6 
P.O. Box 36 Copy: 1of 2 
Fredonia, AZ 86022 
Attn: Received: 11-Mar-93 10:15 
Project: PO #: 
Job: 936525 Status: Final 
Sample Type: Water 
Gross Alpha Gross Beta Ra-226 
Total Total Total 
Sample pci/si 4+ 2¢ pci/l + 20 pci/l a —— 
HER134 23 +22 27 +14 9.0 +1.5 
Th-230 U 
Total Total 
Sample _pci/l + 20 _ng/j)_ 
HER134 0.4 +0.6 0.0006 Barringer could not have 


measured this low of a 
concentration or to this 
precision 


BARRINGER LABORATORIES INC 


15000 W. 6TH AVE., SUITE 300 GOLDEN, CO 80401 (303) 277-1687 FAX (303) 277-1689 


ENERGY FUELS NUCLEAR 


Sample Id: HER148 
Lab Id: 939356-1 


27-Jan-94 


Page: R-1 
Copy: 1 of 2 
Status: Final 


Project: 
Date Sampled: 16-Dec-93 Matrix: Water 
Date 

Analyte Fraction Method Concentration MDL Analyzed 
Silver Dissolved 200.7 U mg/l’ 0.01 17-Jan-94 
Arsenic Dissolved 206.2 U mg/1- 0.001 5-Jan-94 
Barium Dissolved 200.7 0.01 mg/l 0.01 17-Jan-94 
Calcium Dissolved 200.7 628 mg/1~ 0.05 17-Jan-94 
Cadmium Dissolved 200.7 U mg/l 0.005 17-Jan-94 
Chromium Dissolved 200.7 U mg/l 0.01 17-Jan-94 
Copper Dissolved 200.7 U mg/1- 0.01 17-Jan-94 
Fluoride 300.0 3.0 mg/1l< 0.1 17-Jan-94 
Iron Dissolved 200.7 4.27 mg/l’ 0.02 17-Jan-94 
Lead Dissolved 200.7 U mg/l 0.02 17-Jan-94 
Magnesium Dissolved 200.7 212 mg/1* 0.05 17-Jan-94 
Manganese Dissolved 200.7 0.05 mg/1- 0.01 17-Jan-94 
Mercury Dissolved 245.1 U mg/l 0.0002 11-Jan-94 
Potassium Dissolved 200.7 24.0 mg/l: 0.5 17-Jan-94 
Selenium Dissolved 270.2 U mg/l 0.002 5-Jan-94 
Sodium Dissolved 200.7 86.2 mg/1% 0.05 17-Jan-94 
Zinc Dissolved 200.7 U mg/l 0.005 17-Jan-94 
Alkalinity 30.2 2. 160 mg/1- 1 4-Jan-94 
HCO3 310.1 160 mg/1- 1 4-Jan-94 
CcoO3 32:0 Zt U mg/1 1 4-Jan-94 
Chloride 300.0 33. 1° 1 17-Jan-94 
pH 150.2 7.02) Unit 0.01 22-Dec-93 
Spec. Cond. 72021 3330 pmh/cm 1 7-Jan-94 
TDS 16:0)...1 3320 mg/l 4 27-Dec-93 
NO3 as N 353.2 U mg/l 0.1 14-Jan-93 
Phosphate as P 365.1 U mg/l 0.1 10-Jan-94 
Sulfate 300.0 2200 mg/l 1 17-Jan-94 
Silicon Dissolved 200.7 6.50 mg/l 0.01 17-Jan-94 


BARRINGER LABORATORIES INC 


15000 W. 6TH AVE., SUITE 300 GOLDEN, CO 80401 (303) 277-1687 FAX (303) 277-1689 


27-Jan-94 


Page: R-2 
Copy: 1o0£ 2 


Status: Final 


ENERGY FUELS NUCLEAR 


Sample Id: HER148 


Lab Id: 939356-1 Project: HER148 
Date Sampled: 16-Dec-93 Matrix: Water 
Date 
Analyte Fraction Conc.+ 20 LLD Analyzed 
Gross Alpha Dissolved 51+20 © pci/l/ 2 01/05-01/06 
Gross Beta Dissolved 46414 pci/1 4 01/05-01/06 
Ra-226 Dissolved 10+2 pci/l 0.3 01/10-01/24 
Ra-228 Dissolved 0.44+1.4 poi/1 1 01/04-01/07 
Th-230 Dissolved 0.4+0.7 pci/l 0.4 01/19-01/27 
U Dissolved 0.0003 mg/1 0.0003 12/29-01/04 
What method was 


used that has this 
precision? 


/ BARRINGER LABORATORIES INC 12-Apr-94 


Page: R= 
15000 W. 6TH AVE., SUITE 300 GOLDEN, CO 80401 (303) 277-1687 FAX (303) 277-1689 Copy: fof 1 


Status: Final 
ENERGY FUELS NUCLEAR 


Sample Id: 
Lab Id: 941486-1 


Project: Hermit Mine 
Date Sampled: 3-Mar-94 


Matrix: Water 
Date 


Analyte Fraction Method Concentration MDL Analyzed 
Silver Total 200.7 U mg/l 0.01 29-Mar-94 
Arsenic Total 206.2 0.002 mg/l 0.001 14-Mar-94 
Barium Total 200.7 0.01 mg/l 0.01 29-Mar-94 
Calcium Total 200.7 623 mg/l 0.05 29-Mar-94 
Cadmium Total 200.7 0.007 mg/l 0.005 29-Mar-94 
Chromium Total 200.7 U mg/l 0.01 29-Mar-94 
Copper Total 200.7 U mg/l 0.01 29-Mar-94 
Fluoride Total 300.0 2.8 mg/l 0.1 5-Apr-94 
Iron Total 200.7 4.24 mg/l 0.02 29-Mar-94 
Lead Total 200.7 U mg/l 0.02 29-Mar-94 
Magnesium Total 200.7 201 mg/l 0.05 29-Mar-94 
Manganese Total 200.7 0.05 mg/l 0.01 29-Mar-94 
Mercury Total 245.1 U mg/l 0.0002 24-Mar-94 
Potassium Total 200.7 21.1 mg/l 0.5 29-Mar-94 
Selenium Total 270.2 U mg/l 0.002 14-Mar-94 
Sodium Total 200.7 78.7 mg/l 0.05 29-Mar-94 
Zinc Total 200.7 U mg/l 0.005 29-Mar-94 
Alkalinity 310.1 163 mg/l 1 25-Mar-94 
HCO3 310.1 163 mg/l 1 25-Mar-94 
Coa SLO 2 U mg/l 1 25-Mar-94 
Chloride 300.0 37 mg/l 1 5-Apr-94 
pH 150 21 7,00: anit 0.01 11-Mar-94 
Spec. Cond. 120.1 3434 pmh/cm 1 16-Mar-94 
TDS 160.1 3250 mg/l 4 15-Mar-94 
NO3 as N 353.2 U mg/l 0.1 31-Mar-94 
Phosphate as P a65.1 U mg/l 0.1 8-Apr-94 
Sulfate 300.0 2290 mg/l 1 5S-Apr-94 
Silicon Total 200%.7 6.30 mg/l 0.01 29-Mar-94 


BARRINGER LABORATORIES INC. 12-Apr-94 
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Status: Final 
ENERGY FUELS NUCLEAR 


Sample Id: HER150 


Lab Id: 941486-1 Project: Hermit Mine 
Date Sampled: 3-Mar-94 Matrix: Water 
Date 

Analyte Fraction Conc.+ 20 LLD Analyzed 
Gross Alpha Total 15+13 pci/l 2 03/29-03/30 
Gross Beta Total 21+14 pci /1 4 03/29-03/30 
Ra-226 Total 8.941.3 pci/1l 0.3 03/17-03/23 
Ra-228 Total 0.8+1.0 pci/1l 1 03/16-03/28 
Th-230 Total 0.5+0.7 pei/1 0.4 03/16-03/17 
U Total U mg/1 0.0003 03/23-03/28 


LLD is 0.005 mg/L not 0.0003 


4 b= 


BARRINGER LABORATORIES INC 


15000 W. 6TH AVE., SUITE 300 GOLDEN, CO 80401 (303) 277-1687 FAX (303) 277-1689 


ENERGY FUELS NUCLEAR 


Sample Id: 
Lab Id: 943646-1 


Project: 
Date Sampled: 9-Dec-94 


Matrix: Water 


Page: 


Job: 


11-Jan-95 
R-1 
943646E 


Status: Final 


Date 
Analyte Fraction Method Concentration MDL Analyzed 
Silver Total 200.7 U mg/l 0.01 29-Dec-94 
Arsenic Total 206.2 0.003 mg/l 0.003 29-Dec-94 
Barium Total 200.7 U mg/l 0.02 29-Dec-94 
Calcium Total 200.7 660 mg/l 0.2 29-Dec-94 
Cadmium Total 200.7 U mg/l 0.005 29-Dec-94 
Chromium Total 200.7 U mg/l 0.01 29-Dec-94 
Copper Total 200.7 U mg/l 0.01 29-Dec-94 
Iron Total 200.7 4.3 mg/l 0.1 29-Dec-94 
Lead Total 239.2 0.005 mg/l 0.002 29-Dec-94 
Magnesium Total 200.7 205 mg/l 0.1 29-Dec-94 
Manganese Total 200.7 0.055 mg/l 0.005 29-Dec-94 
Mercury Total 245.1 U mg/l 0.0002 21-Dec-94 
Potassium Total 200.7 23 mg/l 5 29-Dec-94 
Selenium Total ZITO 2 U mg/l 0.005 29-Dec-94 
Sodium Total 200.7 83 mg/l 1 29-Dec-94 
Zinc Total 200.7 U mg/l 0.02 29-Dec-94 
Silica Total 200'..7 13 mg/l 2 29-Dec-94 
Fluoride 300.0 3.2. mg71 0.1 5-Jan-95 
Alkalinity Total 216.2 159 mg/l 1 28-Dec-94 
Alkalinity HCO3 310.1M 159 mg/l 1 28-Dec-94 
Alkalinity CO3 310.1M U mg/l 1 28-Dec-94 
Chloride 300.0 39 mg/l 1 5-Jan-95 
pH 150.2 7.06 unit 0.01 20-Dec-94 
Spec. Cond. 120 4 3270 umh/cm 1 20-Dec-94 
TDS 160 «2 3240 mg/l 10 16-Dec-94 
Nitrate as N 300.0 U mg/l 0.1. 5+Jan-95 
ortho-Phosphate 365.1 U mg/l 0.02 22-Dec-94 
Sulfate 300.0 2240 mg/l 1 5-Jan-95 


BARRINGER LABORATORIES INC oe 
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. 6TH AVE., SUITE ‘ : ° 

15000 W. 6TH 300 GOLDEN, CO 80401 (303) 277-1687 FAX (303) 277-1689 Job: 943646E 
Status: Final 


ENERGY FUELS NUCLEAR 


Sample Id: HER 167 
Lab Id: 943646-1 


Project: 
Date Sampled: 9-Dec-94 Matrix: Water 
Date 

Analyte Fraction Conc.+ 20 LLD Analyzed 
Gross Alpha Total 11417 pci/l 2 12/19-12/20 
Gross Beta Total 12+12 pci/l 4 12/19-12/20 
Ra-226 Total 7.4+0.8 pci/l 0.2 12/20-12/22 
Ra-228 Total 0.9+0.7 pci/l 1 12/23-12/29 
Th-230 Total 0.4+0.3 pci/l 0.2 12/20-12/22 


BARRINGER LABORATORIES INC eee 
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Status: Final 
ENERGY FUELS NUCLEAR 


Sample Id: HER 167 
Lab Id: 943646-1 Project: 
Date Sampled: 9-Dec-94 Matrix: Water 


Date 
Analyte Fraction Conc.+ 20 LLD Analyzed 


Uranium Total 0.0019 mg/1 0.0003 12/19-12/20 


BARRINGER LABORATORIES INC 


15000 W. 6TH AVE., SUITE 300 GOLDEN, CO 80401 (303) 277-1687 FAX (303) 277-1689 


27-Jul-95 
Page: R-1 
Job: 952511E 


Status: Final 
ENERGY FUELS NUCLEAR 
Sample Id: 
Lab Id: 952511-1 Project: 
Date Sampled: 21-Jun-95 Matrix: Water 
Date 

Analyte Fraction Method Concentration MDL Analyzed 
Silver Total 200.7 U mg/l 0.01 11-Jul-95 
Arsenic Total 206.2 U mg/l 0.003 12-Jul-95 
Barium Total 200.7 U mg/1 0.02 11-Jul-95 
Calcium Total 200.7 592 mg/l 0.2 11-Jul-95 
Cadmium Total 200.7 U mg/1 0.005 11-Jul-95 
Chromium Total 200.7 U mg/1 0.01 11-Jul-95 
Copper Total 200.7 U mg/1 0.01 11-Jul-95 
Iron Total 200.7 4.1 mg/l 0.1 11-Jul-95 
Lead Total 239.2 0.005 mg/l 0.002 11-Jul-95 
Magnesium Total 200.7 197 mg/l 0.1 11-Jul-95 
Manganese Total 200.7 0.046 mg/l 0.005 11-Jul-95 
Mercury Total 245.2 U mg/l 0.0002 10-Jul-95 
Potassium Total 200.7 22 mg/l 5 11-Jul-95 
“Selenium Total 270.2 U mg/1 0.005 11-Jul-95 
Sodium Total 200.7 79 mg/1 1 11-Jul-95 
Zinc Total 200.7 U mg/l 0.02 11-Jul-95 
Fluoride 300.0 1.1-mg/l 0.2 28-Jun-95 
Alkalinity Co3 310.1M U mg/l 1 6-Jul-95 
Alkalinity HCO3 310.1M 172 mg/l 1 6-Jul-95 
Chloride 300.0 35 mg/l 2 28-Jun-95 
pH 1501.71 7.25 unit 0.01 28-Jun-95 
Spec. Cond. 130..2 3420 umh/cm 1 6-Jul-95 
TDS L60 «A. 3200 mg/l 10 29-Jun-95 
Nitrate as N 300.0 U mg/l 0.2 28-Jun-95 
Phosphorus Total 365.2 U mg/1 0.05 5-Jul-95 
Sulfate 300.0 2180 mg/l 50 28-Jun-95 
Silica Total 200.7 13 mg/l 2 11-Jul-95 


BARRINGER LABORATORIES INC 27-Jul-95 
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Status: Final 
ENERGY FUELS NUCLEAR 


Sample Id: HER 176 


Lab Id: 952511-1 Project: 
Date Sampled: 21-Jun-95 Matrix: Water 
Date 

Analyte Fraction Conc.+ 20 LLD Analyzed 
Gross Alpha Total 53+25 pei/si 2 07/18-07/24 
Gross Beta Total 60+20 pci/1 4 07/18-07/24 
Ra-226 Total 1041 pci/l 0.3 07/07-07/10 
Ra-228 Total 0.44+0.9 pei/1 1 07/12-07/18 
Th-230 Total 0.6+0.6 pci/l 0.4 07/24-07/26 


No footer to letterhead 
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Page: R-3 
Job: 952511E 
Status: Final 
ENERGY FUELS NUCLEAR 


Sample Id: HER 176 


Lab Id: 952511-1 Project: 
Date Sampled: 21-Jun-95 Matrix: Water 

Date 
Analyte Fraction Conc. LLD Analyzed 
Uranium Total 0.0007 mg/1 0.0003 07/10-07/12 


BARRINGER LABORATORIES INC 


15000 W. 6TH AVE., SUITE 300 GOLDEN, CO 80401 (303) 277-1687 FAX (303) 277-1689 


ENERGY FUELS NUCLEAR 


Sample Id: L ye 
Lab Id: 953896-1 


Page: 


Job: 


8-Dec-95 
R-1 
953896E 


Status: Final 


Project: 
Date Sampled: 14-Nov-95 Matrix: Water 
Date 

Analvte Fraction Method Concentration MDL Analyzed 
Silver Total 200.7 U mg/l 0.01 22-Nov-95 
Arsenic Total 206.2 *U mg/l 0.003 7-Dec-95 
Barium Total 200.7 U mg/l 0.02 22-Nov-95 
Calcium Total 200.7 652 mg/l 0.2 22-Nov-95 
Cadmium Total 200-7 U mg/l 0.005 22-Nov-95 
Chromium Total 200.7 U mg/l 0.01 22-Nov-95 
Copper Total 200.7 U mg/l 0.01 22-Nov-95 
Iron Total 200.7 4.5 mg/l 0.1 22-Nov-95 
Lead Total 23:9 22 U mg/l 0.002 8-Dec-95 
Magnesium Total 200.7 217 mg/l 0.1 22-Nov-95 
Manganese Total 20.0.7 0.055 mg/l 0.005 22-Nov-95 
Mercury Total 245.1 U mg/l 0.0002 5-Dec-95 
Potassium Total 200.7 22 mg/l S 28-Nov-95 
Selenium Total 270.2 U mg/1 0.005 7-Dec-95 
Sodium Total 200.7 87 mg/l 1 22-Nov-95 
Zine Total 200.7 U mg/l 0.02 22-Nov-95 
Fluoride 340.2 7 way 0.1 30-Nov-95 
Alkalinity CO3 210.10 U mg/1 5 21-Nov-95 
Alkalinity HCO3 310.1M 164 mg/l 5 21-Nov-95 
Chloride 300.0 36 mg/l 1 6-Dec-95 
pH L500 .2: TOF Im & 0.01 21-Nov-95 
Spec. Cond. 126 2. 3410 pmh/cm 1 21-Nov-95 
TDS LOO ok 3220 mg/l 10 21-Nov-95 
Nitrate as N 300.0 U mg/l 0.1 6-Dec-95 
ortho-Phosphate 36551 U mg/l 0.05 27-Nov-95 
Sulfate 300.0 2280 mg/l 25 6-Dec-95 
Silica Total 200.7 14 mg/l 2 22-Nov-95 


’ BARRINGER LABORATORIES INC oe 
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Status: Final 
ENERGY FUELS NUCLEAR 


Analyte: Gross Alpha 


Project: 

Fraction: Dissolved Date Analyzed: 11/27-12/01 
Method: 900.0 LLD: 2 
Units: pCi/l 

Date 
Lab Id Sampled Matrix Sample Id Concentration+ 20 LLD 
953896-1 14-Nov-95 Water HER183 15417 5 
Analyte: Gross Beta Project: 
Fraction: Dissolved Date Analyzed: 11/27-12/01 
Method: 900.0 LLD: 4 
Units: pCi/1l 

Date 
Lab Id Sampled Matrix Sample Id Concentration+ 20 LLD 
953896-1 14-Nov-95 Water HER183 44417 4 
Analyte: Ra-226 Project: 
Fraction: Dissolved Date Analyzed: 11/28-12/04 
Method: SM-705 LLD: 0.2 
Units: pCi/1l 

Date 
Lab Id Sampled Matrix Sample Id Concentration+ 20 LLD 
953896-1 14-Nov-95 Water HER183 7.3+0.8 0.2 
Analyte: Ra-228 Project: 
Fraction: Dissolved Date Analyzed: 11/22-11/29 
Method: Perc/Brooks LLD: 1 
Units: pCi/l 

Date 
Lab Id Sampled Matrix Sample Id Concentration+ 20 LLD 
953896-1 14-Nov-95 Water HER183 1.1+0.9 1 
Analyte: Th-230 Project: 
Fraction: Dissolved Date Analyzed: 12/04-12/07 
Method: USAEC LLD: 0.2 
Units: pCi/l 

Date 
Lab Id Sampled Matrix Sample Id Concentration+ 20 LLD 


953.896= 14-Nov-95 Water HER183 0.0+0.1 0.2 


’ BARRINGER LABORATORIES INC 


Page: 
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Analyte: 
Fraction: 


Job: 


8-Dec-95 
R-3 
953896E 


Status: Final 


ENERGY FUELS NUCLEAR 


Uranium 
Dissolved 


Method: ASTM D2907 
Units: mg/l 


Project: 


Date Analyzed: 11/27-11/28 
LLD: 0.0003 


Date 
Lab Id Sampled Matrix Sample Id Concentration LLD 
953896-1 14-Nov-95 Water HER183 U 0.0003 


#7 BARRINGER LABORATORIES, INC. aia 
15000 W. 6TH AVE., SUITE 300 GOLDEN, CO 80401 (303) 277-1687 FAX (303) 277-1689 Job: 962009E 


Status: Final 
ENERGY FUELS NUCLEAR 


Sample Id: 
Lab Id: 962009-1 


Project: 
Date Sampled: 15-May-96 


Matrix: Water 


Date 
Analyte Fraction Method 


Concentration MDL__Analyzed 
Silver Total 200.7 U mg/l 0.01 3-Jun-96 
Arsenic Total 206.2 U mg/l 0.003 3-Jun-96 
Barium Total 200.7 U mg/l 0.02 3-Jun-96 
Calcium Total 200.7 617 mg/l 0.2 3-Jun-96 
Cadmium Total 200::.7 U mg/l 0.005 3-Jun-96 
Chromium Total 200.7 U mg/l 0.01 3-Jun-96 
Copper Total 200.7 U mg/l 0.01 3-Jun-96 
Tron Total 200.7 4.7 mg/l 0.1 3-dJun-96 
Lead Total 239.2 U mg/1 0.002 3-Jun-96 
Magnesium Total 200.7 208 mg/l 0.1 3-Jun-96 
Manganese Total 200.7 0.046 mg/l 0.005 3-Jun-96 
Mercury Total 245.1 U mg/l 0.0002 6-Jun-96 
Potassium Total 200.7 21 mg/l S 6-Jun-96 
Selenium Total 270.2 U mg/l 0.005 3-Jun-96 
Sodium Total 200.7 76 mg/l 1 6-Jun-96 
Zinc Total 2007 U mg/l 0.02 3-Jun-96 
Fluoride 340.2 1.6 mg/l 0.1 1-Jun-96 
Alkalinity Co3 310.1M U mg/l 1 23-May-96 
Alkalinity HCO3 310.1M 165 mg/l 1 23-May-96 
Chloride 300.0 38 mg/l 1 28-May-96 
pH 186.2 7.84 unit 0.01 23-May-96 
Spec. Cond. 420.1, 3380 pmh/cm 1 23-May-96 
TDS 160.1 3360 mg/l 10 23-May-96 
Nitrate as N 300.0 U mg/l 0.1 28-May-96 
ortho- Phosphate 365.1 U mg/l 0.02 3-Jun-96 
Sulfate 300.0 2500 mg/l 25 28-May-96 
Silica Dissolved 200.7 


14 mg/l 2 3-Jun-96 


BARRINGER LABORATORIES, INC. Sida hee 
15000 W. 6TH AVE., SUITE 300 GOLDEN, CO 80401 (303) 277-1687 FAX (303) 277-1689 Job: 962009E 


Status: Final 
ENERGY FUELS NUCLEAR 


Analyte: Gross Alpha Project: 
Fraction: Dissolved Date Analyzed: 06/10-06/18 
Method: 900.0 LLD: 43 
Units: pCi/1l 
Date 
Lab Id Sampled Matrix Sample Id Concentration+ 20 LLD 
962009-1 15-May-96 Water HER189 35421 43 
Analyte: Gross Beta Project: 
Fraction: Dissolved Date Analyzed: 06/10-06/18 
Method: 900.0 LLD: 32 
Units: pCi/l 
Date 
Lab Id Sampled Matrix Sample Id Concentration+ 20 LLD 
962009-1 15-May-96 Water HER189 30425 32 
Analyte: Ra-226 Project: 
Fraction: Dissolved Date Analyzed: 05/23-05/28 
Method: SM-705 LLD: 0.2 
Units: pCi/1l 
Date 
Lab Id Sampled Matrix Sample Id Concentration+ 20 LLD 
962009-1 15-May-96 Water HER189 4.3+0.7 0.2 
Analyte: Ra-228 Project: 
Fraction: Dissolved Date Analyzed: 05/29-06/03 
Method: Perc/Brooks LLD: 1 
Units: pCi/1l 
Date 
Lab Id Sampled Matrix Sample Id Concentration+ 20 LLD 
962009-1 15-May-96 Water HER189 1.0+0.7 1 
Analyte: Th-230 Project: 
Fraction: Dissolved Date Analyzed: 05/23-06/03 
Method: USAEC LLD: 0.2 
Units: pCi/l 
Date 
Lab Id Sampled Matrix Sample Id Concentration+ 20 LLD 


962009-1. 15-May-96 Water HER189 0.0+0.4 0.2 


’ BARRINGER LABORATORIES, INC nig 
15000 W. 6TH AVE., SUITE 300 GOLDEN, CO 80401 (303) 277-1687 FAX (303) 277-1689 Job: 962009E 
Status: Final 

ENERGY FUELS NUCLEAR 


Analyte: Uranium Project: 
Fraction: Dissolved Date Analyzed: 05/28-05/30 
Method: ASTM D2907 LLD: 0.0003 
Units: mg/l 
Date 
Lab Id Sampled Matrix Sample Id Concentration LLD 


962009-1 15-May-96 Water HER189 0.0018 0.0003 


«BARRINGER LABORATORIES, INC. 


15000 W. 6TH AVE., SUITE 300 GOLDEN, CO 80401 (303) 277-1687 FAX (303) 277-1689 


ENERGY FUELS NUCLEAR 


Sample Id: 
Lab Id: 962678-1 


Project: 
Date Sampled: 31-Jul-96 


Matrix: Water 


Page: 


Job: 


22-Aug-96 
R-1 
962678E 


Status: Final 


Date 
Analyte Fraction Method Concentration MDL Analyzed 
Silver Total 200.7 U mg/l 0.01 20-Aug-96 
Arsenic Total 206.2 U mg/l 0.003 20-Aug-96 
Barium Total 200.7 U mg/l 0.02 20-Aug-96 
Calcium Total 200.7 604 mg/l 0.2 20-Aug-96 
Cadmium Total 200:;7 U mg/l 0.005 20-Aug-96 
Chromium Total 200.7 U mg/l 0.01 20-Aug-96 
Copper Total 200.7 U mg/l 0.01 20-Aug-96 
Iron Total 200.7 4.0 mg/l 0.1 20-Aug-96 
Lead Total 239.2 U mg/l 0.002 20-Aug-96 
Magnesium Total 200.7 202 mg/l 0.1 20-Aug-96 
Manganese Total 200.7 0.044 mg/l 0.005 20-Aug-96 
Mercury Total 245.1 0.0002 mg/l 0.0002 13-Aug-96 
Potassium Total 200.7 22 mg/l 5 20-Aug-96 
Selenium Total 27032 U mg/l 0.005 20-Aug-96 
Sodium Total 200.7 81 mg/l 1 20-Aug-96 
Zinc Total 200.7 U mg/l 0.02 20-Aug-96 
Fluoride 340.2 1.7 mg/l 0.1 12-Aug-96 
Alkalinity CO3 310.1M U mg/1 1 5-Aug-96 
Alkalinity HCO3 310.1M 160 mg/l 1 5-Aug-96 
Chloride 300.0 36 mg/l 3 15-Aug-96 
pH 250.1 7.20 unit 0.01 S-Aug-96 
Spec. Cond. 120.1 3370 pwmh/cm 1 7-Aug-96 
TDS 160.1 3340 mg/l 10 6-Aug-96 
Nitrate as N 262.2 0.1 mg/l 0.1 2-Aug-96 
ortho-Phosphate 36501 U mg/l 0.02 2-Aug-96 
Sulfate 300.0 2240 mg/l 25 15-Aug-96 
Silica Total 200.7 14 mg/l 2 20-Aug-96 


BARRINGER LABORATORIES, INC 22-hug-96 
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15000 W. 6TH AVE., SUITE 300 GOLDEN, CO 80401 (303) 277-1687 FAX (303) 277-1689 Job: 962678E 


Status: Final 
ENERGY FUELS NUCLEAR 


Analyte: Gross Alpha Project: 


Fraction: Total Date Analyzed: 08/06-08/13 
Method: 900.0 LLD: 38 
Units: pCi/l 
Date 
Lab Id Sampled Matrix Sample Id Concentration+ 20 LLD 
962678-1 31-Jul-96 Water HER 192 18+18 38 
Analyte: Gross Beta Project: 
Fraction: Total Date Analyzed: 08/06-08/13 
Method: 900.0 LLD: 70 
Units: pCi/l 
Date 
Lab Id Sampled Matrix Sample Id Concentration+ 20 LLD 
962678-1 31-Jul-96 Water HER 192 5+31 70 
Analyte: Ra-226 Project: 
Fraction: Total Date Analyzed: 08/08-08/13 
Method: SM-705 LLD: 0.1 
Units: pCi/l 
Date 
Lab Id Sampled Matrix Sample Id Concentration+ 20 LLD 
962678-1 31-Jul-96 Water HER 192 7.5+0.8 O.1 
Analyte: Ra-228 Project: 
Fraction: Total Date Analyzed: 08/16-08/19 
Method: Perc/Brooks LLD: 2 
Units: pCi/l 
Date 
Lab Id Sampled Matrix Sample Id Concentration+ 20 LLD 
962678-1 31-Jul-96 Water HER 192 0.04+1.0 2 
Analyte: Th-230 Project: 
Fraction: Total Date Analyzed: 08/13-08/19 
Method: USAEC LLD: 0.6 
Units: pCi/1l 
Date 
Lab Id Sampled Matrix Sample Id SC Concentration+ 20 __LLD 


962678-1 31-Jul-96 Water HER 192 0.0+0.4 0.6 


BARRINGER LABORATORIES, INC. ae 
15000 W. 6TH AVE., SUITE 300 GOLDEN, CO 80401 (303) 277-1687 FAX (303) 277-1689 Job: 962678E 


Status: Final 
ENERGY FUELS NUCLEAR 


Analyte: Uranium 


Project: 
Fraction: Total 


Date Analyzed: 08/19-08/20 


Method: ASTM D2907 LLD: 0.0003 
Units: mg/l 
Date 
Lab Id Sampled Matrix Sample Id Concentration LLD 


962678-1 31-Jul-96 Water HER 192 0.0011 0.0003 


yeeregve? 


BARRINGER LABORAT. ORIES, INC. 


24-Jul-97 
15000 W. 6TH AVE., SUITE 300 GOLDEN, CO 80401 (303) 277-1687 FAX (303) 277-1689 telky : 972 Mh oe 
Status: Final 
INTERNATIONAL URANIUM (USA) CORPORATION 
Sample Id: 
Lab Id: 972579-2 Project: 
Date Sampled: 18-Jun-97 Matrix: Water 
Date 
Analyte Fraction Method Concentration MDL Analyzed 
Silver Total 200.7 U mg/1 0.01 98-Jul-97 
Arsenic Total 206.2 0.005 mg/l 0.003 3-Jul-97 
Barium Total 200.7 U mg/l 0.02 8-Jul-97 
GiresPieems iene eeay aes > Ee 
Cadmium Total 200.7 U mg/l 0.005 8-Jul-97 
Chromium Total 200.7 U mg/1 0.01 8-Jul-97 
Copper Total 200.7 U mg/l 0.01 8-Jul-97 
Iron Total 200.7 2.1 mg/l 0.1 8-Jul-97 
Lead Total 239.2 U mg/l 0.002 3-Jul-97 
Magnesium Total 200.7 199 mg/l 0.1 8-Jul-97 
Manganese Total 200.7 0.040 mg/l 0.005 8-Jul-97 
Mercury Total 245.1 U mg/l 0.0002 11-Jul-97 
Potassium Total 200.37 21 mg/l 5S 8-Jul-97 
Selenium Total 270.2 U mg/1 0.005 3-Jul-97 
Sodium Total 200.7 82 mg/l 1 8-Jul-97 
Zinc Total 200:..7 U mg/l 0.02 8-Jul-97 
Ra CS [eastern eo ate 
Alkalinity CcoO3 310.1M U mg/l 1 26-Jun-97 
Alkalinity HCO3 310.1M 160 mg/l 1 26-Jun-97 
Chloride 300.0 37 mg/l 2.0 15-Jul-97 
pH hs Poe 7.85 unit 0.01 26-Jun-97 
Spec. Cond. L2002 3100 umh/cm 1 27-Jun-97 
TDS 16/0... a. 3320 mg/l 10 23-Jul-97 
Nitrate as N 35462 U mg/l 0.1 20-Jun-97 
ortho-Phosphate 365.1 U mg/l 0.05 27-Jun-97 
Sulfate 300.0 2340 mg/l 20 15-Jul-97 
Silica Total 200.7 14 mg/l 2 8-Jul-97 


Is the letterhead a copy of a copy? 
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Status: Final 
INTERNATIONAL URANIUM (USA) CORPORATION 


Analyte: Gross Alpha Project: 
Fraction: Dissolved Date Analyzed: 07/11-07/12 
Method: 900.0 LLD: sample specific 
Units: pCi/1l 
Date 
Why Lab Id Sampled Matrix Sample Id Concentration+ 20 LLD 
blocke 99 
our? 972579-2 18-Jun-97 Water HER208 36426 56 
Analyte: Gross Beta Project: 
Fraction: Dissolved Date Analyzed: 07/11-07/21 
Method: 900.0 LLD: sample specific 
Unite: pci/l 
Date 
Lab Id Sampled Matrix Sample Id Concentration+ 20 LLD 
{ac emer RD GR 5 ITE Tea ee RS 120 
972579-2 18-Jun-97 Water HER208 8+47 103 
Analyte: Ra-226 Project: 
Fraction: Dissolved Date Analyzed: 07/17-07/23 
Method: SM-705 LLD: 0.1 
Units: pCi/1l 
Date 
Lab Id Sampled Matrix Sample Id Concentration+ 20 LLD 
eS La aa Ty i Sa i TT Wea Dn a aR a ae Es ar nc) O.1 
Qe bre EE ee 0.1 
Analyte: Th-230 Project: 
Fraction: Dissolved Date Analyzed: 06/26-07/17 
Method: USAEC LLD: 0.3 
Units: pCi/1l 
Date 


Lab Id Sampled Matrix Sample Id Concentration+ 20 LLD 


SRE RRA Rat rhc EP AAS OIE ST ST NTN RET ET FLEE 
972579-2 18-Jun-97 Water HER208 0.24+0.4 O43 


Page: R-4 
W. 6TH AVE., SUITE 300 GOLDEN, CO 80401 (303) 277-1687 FAX (303) 277-1689 Spray 972579E 


Status: Final 
INTERNATIONAL URANIUM (USA) CORPORATION 


iy BARRINGER LABORATORIES, INC 2a-gul97 


Analyte: Uranium Project: 
Fraction: Dissolved Date Analyzed: 07/21-07/22 
Method: ASTM D2907 LLD: 0.0009 What date was sample received? 
Units: mg/1 The LLD for ASTM D2907 is not 0.0009 mg/L 
Date 
Lab Id Sampled Matrix Sample Id Concentration LLD 
eee ee ne a ae ee es ea a 
972579-2 18-Jun-97 Water HER208 <———— U 0.0009 


ASTM D2907-97 


Standard Test Methods for Microquantities of Uranium in Water by Fluorometry 
(Withdrawn 2003) 


1.1 These test methods are applicable to the determination of microquantities of 
uranium in water in the concentration range from 0.005 to 50 mg/L. 


¥ 


AGZ | , Analytical: Results: 


ACZ Laboratories, Inc. Lab Sample ID: L14367-01 


30400 Downhill Drive Client Sample ID: HER 208 <—— 
Steamboat Springs, CO 80487 Client Project ID: Hermit Mine Water 
(800) 334-5493 


ACZ Report ID: RG46961 


International Uranium(U.S.A.) Corp. 
2555 N. Hwy. 89A,HC 64 Box 153 
Fredonia, AZ 86022 

Mr. Lawrence L. Casebolt 


Date Sampled: 6/18/97 13:30 
Date Received: 6/20/97 
Date Reported: 7/] 1/97 


Sample Matrix: Ground Water 


Metals Analysis 
Parameter °°)6 02: 


Oa SERA Meéthodé 


ES ; Boe : * Unitse * MDE PQS © Dates. © Analyst 
Calcium, total M200.7 ICP 585 mg/L 0.2 1 TNA/97 ss 
Magnesium, total M200.7 ICP 199 mg/L 0.2 l TNA/97 ss 
Citi emai Ss 32) ee 


Metals Prep 


Pirameterte 22 Spee eG = EPAiMéthod: es ss Result@sg Qualé* Units: © MDI PQI: .’ Date Analyst 
Total Hot Plate Digestion M3010 ICP 7/10/97 tw 
Wet Chemistry 

tergace, PEE ESS VE EPAtMétHod? 9225 a LY Reésulés Qual: Unitse’.. MDEF: POLE =" Dates: Analyst 
Fluoride M340.2 - ISE 1.5 mg/L 0.1 0.5 7/10/97 kr 
Cinemas) Oa aE nce ge ey eT 


U = Analyte was analyzed for but not detected at the indicated MDL 


B = Analyte concentration detected at a value between MDL and PQL SP ithalwn 


PQL = sidan : saebaasaa sie Vice President of Operations: Ralph Poulsen 
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‘AGZ 


ACZ Laboratories, Inc. 
30400 Downhill Drive 
Steamboat Spgs, CO 80487 
(800) 334-5493 


F - LabSample!ID: L14367-01 
Client Sample ID: HER 208 
Client Project 1D: | Hermit Mine Water 
ACZ Report ID: RC2160 
International Uranium(U.S.A) Corp. 
2555 N. Hwy. 89A, HC 64 Box 153 
Fredonia, AZ 86022 


Date Sampled: 6/18/97 
Date Received: 6/20/97 
Date Reported: 7/11/97 


Att: Mr. Lawrence L. Casebolt Matrix: water 


Parameter .*°": EPAsMethod "2. 


“+ Result: Error (+/-} Qual Units MDL PQL Date 


Analyst 
Ra226 = ss SSM7500—“( kU 


pCi/L 1 5 10-Jul-97 cbr 


Remarks: 


<= Analyte at a concentration less than the detection limit 


B = Concentration for analy te estimated between MDL and PQL LA f ae 


PQL = Practical Quantitation Limit VP-Operations: Ralph Poulsen 


Form: RPTDFT.01.94 


Analytical:Results: 


ACZ Laboratories, Inc. 


Lab Sample ID: L16914-01 
30400 Downhill Drive Client Sample ID: Saas: 
Steamboat Springs, CO 80487 Client Project ID: Hermit Mine Water WI 
(800) 334-5493 ACZ Report ID: RG59870 


International Uranium (U.S.A.) Corp. 
2555 N. Hwy. 89A, HC 64, Box 153 
Fredonia, AZ 86022 

Mr. Lawrence L. Casebolt 


Date Sampled: 
Date Received: 
Date Reported: 


12/30/97 16:00 
1/2/98 
1/13/98 


Sample Matrix: Ground Water 


Metals Analysis 


Parameters tr SS SS EOS ERARMethods a 


iv Reésulties Qual Unite 


MDBE* Pla! Datars Alalysé 


Arsenic, dissolved M206.2 GFAA 0.001 B mg/L 0.001 0.005 1/2/98 jb 
Barium, dissolved M200.7 ICP U mg/L 0.02 0.05 1/5/98 jaw 
Cadmium, dissolved M213.2 GFAA U mg/L 0.0005 0.003 1/6/98 kr 
Calcium, dissolved M200.7 ICP 596 mg/L l 5 1/5/98 jaw 
Chromium, dissolved M218.2 GFAA U mg/L 0.001 0.005 1/8/98 kr 
Copper. dissolved M220.2 GFAA U mg/L 0.001 0.005 1/3/98 jb 
Iron, dissolved M200.7 ICP 2.51 mg/L 0.05 0.3 1/5/98 jaw 
Lead, dissolved M239.2 GFAA U mg/L 0.001 0.005 1/5/98 kr 
Magnesium, dissolved M200.7 ICP 194 mg/L i 5 1/5/98 jaw 
Manganese, dissolved M200.8 ICP-MS 0.050 mg/L 0.002 ~=0.01 1/9/98 fep 
Mercury, dissolved M245.1 CVAA U mg/L 0.0002 0.001 1/5/98 bg 
Potassium, dissolved M200.7 ICP 20 mg/L 2 5 1/5/98 jaw 
Selenium, dissolved M270.2 GFAA U mg/L 0.01 0.05 1/7/98 tp 
Silica, dissolved M200.7 ICP 13 mg/L 1 3 1/5/98 jaw 
Silver, dissolved M272.2 GFAA U mg/L 0.0005 0.003 1/7/98 tp 
Sodium, dissolved M200.7 ICP 75 mg/L 2 5 1/5/98 jaw 
Uranium, dissolved M200.8 ICP-MS 0.0007 B mg/L 0.0005 0.003 1/9/98 fep 
Zinc, dissolved M289.2 GFAA 0.002 B mg/L 0.001 0.005 1/13/98 fp 


wet Chemistry 


M2320B 


Alkalinity as CaCO3 


Bicarbonate as CaCO3 166 mg/L 2 10 1/2/98 sts 
Carbonate as CaCO3 U mg/L 2 10 1/2/98 sts 
Hydroxide as CaCO3 U mg/L 2 10 1/2/98 sts 
Total Alkalinity 166 mg/L 2 10 1/2/98 sts 
Cation-Anion Balance Calculation 
Cation-Anion Balance -0.5 % 1/13/98 calc 
Sum of Anions $0.2 meq/L 0.1 0.5 1/13/98 calc 
Sum of Cations 49.7 meq/L 0.1 0.5 1/13/98 calc 
Chloride M325.2 - Colorimetric (RFA) 35 mg/L 1 5 1/7/98 — jb/me 
Conductivity («@25C M120.1 - Meter 3250 umhos/cm l 10 1/2/98 sts 
Fluoride M340.2 - ISE L5 mg/L 0.1 0.5 1/12/98 sts 
Nitrate as N. dissolved M353.2 - Automated Cadmium Reduction 0.02 B mg/L 0.02 0.1 1/2/98 ss 
Nitrate/Nitrite as N. dissolved M353.2 - Automated Cadmium Reduction 0.02 B mg/L 0.02 0.1 1/2/98 ss 
Nitrite as N, dissolved M353.2 - Automated Cadmium Reduction U mg/L 0.01 0.05 1/2/98 ss 


This letterhead appears to have been a photocopy 
also, location of footer varies 


haha 


y Vice President of Operations: Ralph Poulsen 
Page 1 of 2 


U= Analyte Was analyzed tor but not deed at ‘the indicated MDL 


B = Analyte concentration detected at a value between MDL and PQL 


i Practical sein Limit 


REPIN101.03.95.01 


Both Mn & U were measured on a ICP-MS, why do MDL & PQL differ? 


_ aioehemisry Resuls 


ACZ Laboratories, Inc 

30400 Downhill Drive 
Steamboat Springs, CO 80487 
(800) 334-5493 


International Uranium (U.S.A.) Corp. 
2555 N. Hwy. 89A, HIC 64, Box 153 
Fredonia, AZ 86022 

Mr. Lawrence L. Casebolt 


ACZ Project ID: 
Client Project ID: 
ACZ Report ID: 


Date Sampled: 
Date Received: 
Date Reported: 


L17178 
Hermit Mine Water WL 
RG61048 


12/30/97 
1/2/98 
2/2/98 


Radiochemistry "Preparation |” 


DUN Client Nee Males 8 Parameter es ee Result Errore MAT Vals "| Method Bate 
1.17178-01 HER 218 Ground Water Thorium 230, dissolved 0.2 0.1 0.18 pCi/L 
Radiochemistry Notes - 

MDA: Calculated sample specific Minimum Detectable Activity 

Error(+/-): Calculated sample specific uncertainty 

Solid matrices reported on a dry weight basis 

Preparation Method: "Method" indicates preparation defined in analytical method 

Method Prefix Reference: 

M=EPA  SM=Standard Methods D=ASTM RP= al hows = DOE/ESM Page 1 of 1 


ie 


REPRC001Radchem Default98.01.02 


Analyst 


Analysis 
Date 
1/31/98 


Method Analyst 


ESM 4506 


LV bbe 


Vice President of Operations: Ralph Poulsen 


ACZ Laboratories, Inc. 

30400 Downhill Drive 
Steamboat Springs, CO 80487 
(800) 334-5493 


Radiochemistry Results 


ACZ Project ID: 


Client Project ID: 


International Uranium (U.S.A.) Corp. 
2555 N. Hwy. 89A, HC 64, Box 153 
Fredonia, AZ 86022 

Mr. Lawrence L. Casebolt 


ACZ Report ID: 


Date Sampled: 
Date Received: 


Date Reported: 


L16914 
Hermit Mine Water WI 
RG60094 


12/30/97 
1/2/98 
1/16/98 


Preparation 
Date 


Radiochemistry 


Inits Method 


MDA 


Analyst 


ijs 
ijs 
jis 


Analysis 
Date 


Method Analyst 


SM7110B 1/15/98 cbr 
SM7110B 1/15/98 cbr 
SM7500 B 1/15/98 cbr 

M9320 1/16/98 cbr 


ACZID ~~ Client ID Matrix Parameter Result — Error(+/-) 
1.16914-01 HER 218 Ground Water Gross Alpha 13 13 11 pCi/L Method 1/14/98 
Gross Beta 32 13 16 pCi/L Mcthod 1/14/98 
Radium 226, dissolved 11.1 1 0.81 pCi/L Method 1/13/98 
Radium 228 1.65 0.53 | pCi/L Method 1/14/98 
This “Gross Alpha” is just for Ra 
Notes: Uranium is largest emitter of alpha particles 
RC970813-1 
RC971209-2 
Radiochemistry Nates 
MIA; Calculated sample specific Minimum Detectable Activity 
'Error(+/-); Calculated sample specific uncertainty slightly 
‘Solid matrices reported on a dry weight basis different 
: a : : ; position 
Preparation Method: "Method" indicates preparation defined in analytical method tran last 
Method Prefix Reference: ; page 7 
M-=EPA  SM=Standard Methods D=ASTM RP=DOE ESM =DOE/ESM Page 1 of 1 


REPRCO01Radchem Default98.01 02 


Vice President of Operations: Ralph Poulsen 


AcZz | 


ACZ Laboratories, Inc. 

30400 Downhill Drive 
Steamboat Springs, CO 80487 
(800) 334-5493 


International Uranium (U.S.A.) Corp. 
2555 N. Hwy. 89A, HC 64, Box 153 
Fredonia, AZ 86022 

Mr. Lawrence L. Casebolt 


Lab Sample ID: 
Client Sample ID: 
Client Project ID: 

ACZ Report ID: 


Date Sampled: 
Date Received: 


Date Reported: 


Sample Matrix: 


AnalyticalResults:. 


L16914-01 

HER 218 

Hermit Mine Water WI 
RG59870 


12/30/97 16:00 
1/2/98 
1/13/98 


Ground Water 


pH (lab) M150.1 - Electrometric 7.0 units 0.1 0.1 1/2/98 sts 
Phosphorus. ortho dissolved M365.1 - Automated Ascorbic Acid U me/L 0.005 0.03 1/2/98 ss 
Residue. Filterable (TDS) @180C M160.1 - Gravimetric 3460 mg/L 10 20 1/5/98 sts 
Sulfate M375.3 - Gravimetric 2180 mg/L 10 20 1/5/98 cj 
TDS (calculated) Calculation 3220 mg/L 10 50 1/13/98 calc 
TDS (ratio - measured/calculated) Calculation 1.08 1/13/98 calc 


B = Analyte concentration detected at a value between MDL and PQL 


POL = Practical Quantitation Limit 


REPIN101 03.95.01 Page 2 of 2 


AUP 


Vice President of Operations: Ralph Poulsen 


ACZ Laboratories, Inc. 

30400 Downhill Drive 
Steamboat Springs, CO 80487 
(800) 334-5493 


International Uranium (U.S.A.) Corp. 
2555 N. Hwy. 89A, HC 64, Box 153 
Fredonia, AZ 86022 

Mr. Lawrence L. Casebolt 


Lab Sample ID: 
Client Sample ID: 
Client Project ID: 
ACZ Report ID: 


Date Sampled: 
Date Received: 


Date Reported: 


Sample Matrix: 


L19143-02 


RG72276 
6/25/98 11:00 
6/26/98 
7/20/98 


Ground Water 


etals Analysis 
Arsenic, total 


EPA:Methodé 


M206.2 GFAA 
Barium. total M200.7 ICP 
Cadmium. total M213.2 GFAA 
Calcium, total M200.7 ICP 
Chromium, total M218.2 GFAA 
Copper, total M220.2 GFAA 
Iron, total M200.7 ICP 
Lead. total M239.2 GFAA 
Magnesium, total M200.7 ICP 
Manganese. total M200.8 ICP-MS 
Mercury. total M245.1 CVAA 
Potassium. total M200.7 ICP 
Selenium, total SM 3500-Se C, AA-Hydride 
Silica, total M200.7 ICP 
Silver, total M272.2 GFAA 
Sodium, total M200.7 ICP 
Uranium. total M200.8 ICP-MS 
Zinc. total M200.7 ICP 


EPA\Method=: 
M3010 ICP 


Total Hot Plate Digestion M3010 GFAA 


M3010 ICP-MS 


Total Hot Plate Digestion 


Wet Chemistry 
Bicametewmmemee LS LA 
Alkalinity as CaCO3 

Bicarbonate as CaCO3 

Carbonate as CaCO3 

Hydroxide as CaCO3 

Total Alkalinity 
Chloride 
Conductivity «@25C 


cers ERASMeéthod®:- 
M2320B 


M325.2 - Colorimetric (RFA) 
M120.1 - Meter 
M340.2 - ISE 


ses 


Fluoride 

Lab Filtration 

Nitrate as N. dissolved 
Nitrate/Nitrite as N. dissolved 
Nitrite as N. dissolved 


Calculation: NO3NO2 minus NO2 
M353.2 - Automated Cadmium Reduction 
M353.2 - Automated Cadmium Reduction 


U = Analyte was analyzed for but not detected at the indicated MDL 


B = Analyte concentration detected at a value between MDL and PQL 


POL = Practical Quantitation Limit 


REPIN101 03.95.01 Page 1 of 2 


Result#= Qualé « 


0.002 B 
0.013 B 
U 
561 
U 
U 
5.91 
U 
190 
0.084 
U 
20.6 
U 
12.5 
U 
74.2 
U 
U 


Result&s. Qualé=:: 


Unitss 


Result®< Qualé= Units ** MDEE 
163 me/L 2 
U mg/L 2 
Us mg/L 2 
163 mg/L 2 
35 mg/L 1 
3350 umhos/cm | 
14 mgyL 0.1 
0.04 B  mgL 0.02 
0.04 B mg/L 0.02 
U mgL 0.01 


mgy/L 0.001 0.005 
mg/L 0.006 0.02 
mg/L 0.0005 0.003 
myL = 0.4 2 
mg/L 0.001 0.005 
mg/L 0.001 0.005 
myL 0.02 0.1 
mg/L 0.001 0.005 
myL 0.4 2 
mg/L 0.002 0.01 
mg/L 0.0002 0.001 
myL 0.6 2 
mg/L 0.001 0.005 
mgyL 0.4 1 
mg/L 0.0005 0.003 
myL 0.6 2 
mg/L 0.0005 0.003 
myL 0.02 0.1 


SV laahen 


Datez 
7/8/98 
7/10/98 
7/4/98 
7/10/98 
T1/98 
TN1/98 
7/10/98 
7/10/98 
7/10/98 
7/14/98 
7/10/98 
7/10/98 
7/9/98 
7/10/98 
7/8/98 
7/10/98 
74/98 
7/10/98 


7/10/98 
7/7198 
7/13/98 


7/8/98 
7/8/98 
7/8/98 
7/8/98 
7/8/98 
7/8/98 
7/9/98 
6/29/98 
7/20/98 
6/26/98 
6/26/98 


Analyst 


fep 


sts 
sts 
sts 
sts 
mh 
sts 
bk 
ms 
calc 
ss 
ss 


Vice President of Operations: Ralph Poulsen 


” 


- ~ 
. 


AGZ 2 Analytical Results 


ACZ Laboratories, Inc. Lab Sample ID: L19143-02 


30400 Downhill Drive Client Sample ID: HER223 
Steamboat Springs, CO 80487 Client Project ID: 
(800) 334-5493 


ACZ Report ID: RG72276 


International Uranium (U.S.A.) Corp. 
2555 N. Hwy. 89A, HC 64, Box 153 
Fredonia, AZ 86022 

Mr. Lawrence L. Casebolt 


Date Sampled: 6/25/98 11:00 
Date Received: 6/26/98 
Date Reported: 7/20/98 


Sample Matrix: Ground Water 


pH (lab) M150.1 - Electrometric 7.4 units 0.1 0.1 718/98 sts 
Phosphate Calculation based on Ortho Phosphorus U mg/L 0.03 0.15 7/20/98 calc 
Phosphorus, ortho dissolved M365.1 - Automated Ascorbic Acid U mg/L 0.005 0.03 6/26/98 ss 
Residue, Filterable (TDS) @180C M160.1 - Gravimetric 3520 mg/L 10 20 7/2/98 cj/cd 
Sulfate M375.3 - Gravimetric 2120 mg/L 10 20 7/9/98 bk 


U = Analyte was analyzed for but not detected at the indicated MDL 
B = Analyte concentration detected at a value between MDL and PQL 74, /p 


= etteal oO : : A ; 
PQL = Practical session Limit —_ Vice President of Operations: Ralph Poulsen 


REPIN101.03.95.01 Page 2 of 2 


horganiasMialifiers (based on EPA‘CLP 3/90). 


AGZ 


ACZ Laboratories. Inc. 
30400 Downhill Drive 
Steamboat Springs, CO 80487 


(800) 334-5493 ACZ Project ID: L/9/43 
Client Project ID: 

International Uranium (U.S.A.) Corp. ACZ Report ID: RG72739 

2555 N. Hwy. 89A. HC 64. Box 153 

Fredonia, AZ 86022 Date Sampled: 6/24/98 

Mr. Lawrence L. Casebolt Date Received: _6/26/98 


Date Reported: 7/23/98 


Radiochemistry 
ACZ ID Client 1D 2. 


+ Preparation : : Analysis 


Result Units 


:- Method Date © Analyst Hd . Date 


“MDA 


Error(+/-) 


Matrix ‘+; 345.4% Parameter + 


L19143-02 HER223 Ground Water Gross Alpha 9 14 12 pCi/L Method 7/17/98 jd M9310 7/17/98 cbr 
Gross Beta 32 12 15 pCi/L Method 7/17/98 jd M9310 7/17/98 cbr 
Radium 228. total 1.8 13 2.6 pci/L Method 7/9/98 jd M9320 7/14/98 cbr 
Thorium 230, total 0.46 0.3 0.2 pCi/L Method 7/17/98 jd ESM 4506 7/21/98 jd 


Gross beta should not be higher than gross alpha 


Radiochemistry Notes. 


|MDA: Calculated sample specific Minimum Detectable Activity 
Frror(+/-): Calculated sample specific uncertainty 


Solid matrices reported on a dry weight basis 


Preparation Method: "Method" indicates preparation defined in analytical method 
Method Prefix Reference: VAL 


M=EPA SM=Standard Methods D=ASTM RP=DOE_ ESM =DOE/ESM 


Page 1 of 1 Vice President of Operations: Ralph Poulsen 


REPRC001.98.01.02 


ACZ Laboratories, Inc. 

30400 Downhill Drive 
Steamboat Springs, CO) 8048~ 
(800) 334-5493 


International Uranium (U.S.A ) Corp. 
2555 N. Hwy. 89A. HC 64. Box 153 
Fredonia. AZ 86022 

Mr. Lawrence L. Cascbolt 


ACZ Project ID: 
Client Project ID: 
ACZ Report ID: 


Date Sampled: 
Date Received: 
Date Reported: 


L1YSTS 


RG 42/1 


6/24/98 
7/28/98 Why was this received ona 
3608 different date than the rest 


of the sample? 


Radiochemistry 
ACL: eat AT. 


L19578-02 HER223 Ground Water Radium 226, total 10.99 0.87 0.57 pcvL Method 7/31/98 
Ra 266 is higher than the Gross Alpha 

MDA: Calculated sample specific Minimum Detectable Activity 

Error(+/-): Calculated sample specific uncertainty 

Solid matrices reported on a dry weight basis 

Preparation Method: "Method" indicates preparation defined in analytical method 

Method Prefix Reference: 

M-=EPA SM - Standard Methods =D=ASTM RP= DOE ESM = DOE/ESM ee  Vige 


REPRCO001.98.01.02 _ 


M9315 T/31/98 cbr 


AGZ 


ACZ Laboratories, Inc. 


said Lab Sample ID: 121309-01 
30400 eremiae Drive Client Sample ID: HERI 
Steamboat Springs, CO 80487 Client Project ID: Hermit Mine 


(800) 334-5493 ACZ Report ID: RG83428 


International Uranium (U.S.A.) Corp. 
2555 N. Hwy. 89A, HC 64, Box 153 
Fredonia, AZ 86022 

Mr. Lawrence L. Casebolt 


Date Sampled: ///23/98 18:30 
Date Received: ///25/98 
Date Reported: /2/21/98 


Sample Matrix: Ground Water 


Metals Analysis 


‘EPAsMeéthod= 


it aha 


5 oe See Result&2. Qual#. - Unitsi::; MDE& «. ° Dater’. Analyst 
Arsenic, total M206.2 GFAA 0.002 B mg/L 0.002 + =0.01 12/11/98 jb 
Barium, total M200.7 ICP 0.012 B mg/L 0.006 0.02 12/11/98 kr 
Cadmium. total M213.2 GFAA U mg/L 0.0005 0.003 12/17/98 jb 
Calcium. total M200.7 ICP 552 mg/L 0.4 2 12/11/98 kr 
Chromium. total M218.2 GFAA U mg/L 0.001 0.005 12/12/98 jb 
Copper, total M220.2 GFAA U mg/L 0.001 0.005 12/12/98 jb 
Iron. total M200.7 ICP 19.30 mg/L 0.02 0.1 12/11/98 kr 
Lead. total M239.2 GFAA U mg/L 0.001 0.005 12/11/98 jb 
Magnesium. total M200.7 ICP 193 mg/L 0.4 2 12/11/98 kr 
Manganese. total M200.8 ICP-MS 0.341 mg/L 0.002 0.01 12/5/98 fep 
Mercury, total M245.1 CVAA U mg/L 0.0002 0.001 12/4/98 bg 
Potassium. total M200.7 ICP 21.0 mg/L 0.6 2 12/11/98 kr 
Selenium. total SM 3500-Se C, AA-Hydride U mg/L 0.001 0.005 12/3798 bg 
Silica, dissolved M200.7 ICP 5.7 mg/L 0.4 1 12/11/98 2g 
Silver, total M272.2 GFAA U mg/L 0.0005 0.003 12/12/98 jb 
Sodium, total M200.7 ICP 76.6 mg/L 0.6 2 12/11/98 kr 
Uranium. total M200.8 ICP-MS 0.001 B mg/L 0.001 0.005 12/8/98 fep 
Zinc, total M200.7 ICP U mg/L 0.02 0.1 12/11/98 kr 


Metals | Prep 
Man Bia 


: ETT = EPA:Méthodd Result@= Qualé- Units \ 
Total Hot Plate Digestion M3010 ICP 12/10/98 laa 
Total Hot Plate Digestion M3010 GFAA 12/11/98 bg 
Total Hot Plate Digestion M3010 ICP-MS 


12/4/98 laa 


Wet Snorer , 
pvcanictnimenrte i SiS ray ERA WMatods 


RésultS=¢ Quali° Units®*. MDBS>: POL 4. Dater* 


Alkalinity as C ac 03 M2320B 
Bicarbonate as CaCO3 118 mg/L z 10 12/4/98 sts 
Carbonate as CaCO3 U mg/L © 2 10 12/4/98 sts 
Hydroxide as CaCO3 U mg/L 2 10 12/4/98 sts 
Total Alkalinity 118 mg/L 2 10 12/4/98 sts 
Chloride M325.2 - Colorimetric (RFA) 37 mg/L 1 5 12/11/98 ji 
Conductivity @25C M120.1 - Meter 3200 umhos/cm | 10 12/4/98 sts 
Fluoride M340.2 - ISE ° 1.4 mg/L 0.1 0.5 11/28/98 cd 
Lab Filtration bi 11/27/98 als 


U= peer te Was analy fed for bat A not detected at the inidbeaned MDL 


B = Analyte concentration detected at a value between MDL and PQL — ffbA, 
PQL = Practical Quantitation Limit 1. 


ites ie . Vice President of Operations: Ralph Poulsen 
REPIN101c.01.96.01 Page 1 of 2 


AGZ ee Analytical Results 


ACZ Laboratories, Inc. 


ane Lab Sample ID: 121309-01 
30400 Pownall Drive Client Sample ID: HER228 
Steamboat Springs, CO 80487 Client Project ID: Hermit Mine 
(800) 334-5493 


ACZ Report ID: RG83428 


International Uranium (U.S.A.) Corp. 
2555 N. Hwy. 89A, HC 64, Box 153 
Fredonia. AZ 86022 

Mr. Lawrence L. Casebolt 


Date Sampled: /1/23/98 18:30 
Date Received: ///25/98 


Date Reported: 12/21/98 


Sample Matrix: Ground Water 


Nitrate as N. dissolved Calculation: NO3NO2 minus NO2 0.03 B mg/L 0.02 0.1 12/21/98 calc 
Nitrate/Nitrite as N. dissolved M353.2 - Automated Cadmium Reduction 0.03 B mg/L 0.02 0.1 11/25/98 ss 
Nitrite as N. dissolved M353.2 - Automated Cadmium Reduction U mg/L 0.01 0.05 = 11/25/98 ss 
pH (lab) M150.1 - Electrometric 6.9 units 0.1 0.1 12/4/98 sts 
Phosphate Calculation based on Ortho Phosphorus U mg/L 0.03 0.15 12/21/98 calc 
Phosphorus. ortho dissolved M365.1 - Automated Ascorbic Acid 0.007 B mg/L 0.005 0.03 12/3/98 ss 
Residue. Filterable (TDS) @180C M160.1 - Gravimetric 3290 mg/L 10 20 11/28/98 cd 
Sulfate M375.3 - Gravimetric 1900 mg/L 10 20 12/2/98 mb/cd 


Note: Sample required re-analysis for Ortho Phosphorus after the applicable holdtime had expired. Retest value 
correlates with data from original analysis, performed within holdtime. 


B = Analyte concentration detected at a value between MDL and PQL KP 


POL = Practical Quantitation Limit 


7 - Vice President of Operations: Ralph Poulsen 
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AGZ 


ACZ Laboratories, Inc 

30400 Downhill Drive 
Steamboat Springs, CO 80487 
(S00) 334-5493 


International Uranium (U.S.A.) Corp. 
2555 N. Hwy. 89A, HC 64, Box 153 
Fredonia, AZ 86022 

Mr. Lawrence L. Casebolt 


Radiochemistry 


ACZ ID Client ID 
HER228 


Matrix 
Ground Water 


1.21309-01 


Radiochemistry Notes 


Error(+/-):; Calculated sample specific uncertainty 


Solid matrices reported on a dry weight basis 


Method Prefix Reference: 


REPRCO001.98.01.02 


M=EPA  SM=StandardMethods D=ASTM RP=DOE ESM=DOE/ESM 


MDA: Calculated sample specific Minimum Detectable Activity 


Preparation Method: "Method" indicates preparation defined in analytical method 


Parameter Result = Error(+/-) MDA 
Gross Alpha 47 19 11 
Gross Beta 49 13 15 
Radium 226, total 4.78 0.87 1.2 
Radium 228, total 3.09 0.84 1.7 
Thorium 230, total 0.14 0.3 0.2 
Page 1 of 1 


7 ae 


Units 
pCi/L 
pCi/L 
pCi/L 
pCi/L 
pCi/L 


ACZ Project ID: 
Client Project ID: 
ACZ Report ID: 


Date Sampled: 
Date Received: 
Date Reported: 


Preparation 


Radiochemistry Results 


L21309 
Hermit Mine 
RG84329 


11/23/98 
11/25/98 
1/4/99 


Analysis 
Date 


Analyst 


Method Date — Analyst Method 

Method 12/10/98 cbr M9310 12/11/98 cbr 
Method 12/10/98 — cbr M9310 12/11/98 cbr 
Method 12/28/98 — cbr M9315 12/29/98 cbr 
Method 12/16/98 ejs M9320 12/18/98 ejs 
Method 12/11/98 jd ESM 4506 —:12/17/98 jd 


Weaken 


Vice President of Operations: Ralph Poulsen 


HERMIT MINE 
WATER WELL MONITORING DATA 
4th Quarter 1990 to Present 


Quarterly Sampling 


HERO73 |) HERO94 | HER100 |) HER112 || HER114 || HER120 |} HER122 || HER126 
Collected |} Collected |} Collected || Collected |} Collected |} Collected |} Collected || Collected 
10/24/90 || 3/28/91 4/30/91 9/20/91 12/19/91 || 3/26/92 6/26/92 9/22/92 


@ 15 wo . 
S | 2 | a a 
| 
® 
@ 
on 


4th-1990__|1st-1991__|2nd-1991 

ee ee eee ee eee ee 
Silver 
Arsenic | 0.002| 0.002] __—<0.001] 0.006] <0.001] 0.002] 0.003] <0.004| 
Barium | otf 01] tf 0.02.07] 0.04] 0.01] 0.01 
Calcium | 525] S13] S790] 58] S71] 56] 587|_ 5:24 
Cadmium 
Chromium 
Copper | <0.01] 0.01] <0.01] 0.04] 0.02] 0.03] <0.01] <0.01 

| 947] 641] 7.07] 9.3] St] 6.10] 5.64] 5.40 
anganese | 012] 09] 0.09] 0.12] 0.09] 0.07]. | 
Vlercu 
Potassium | 20.1] 20.7] 47] 25.0] 20.2] 21.3] 214] 21.7 
Selenium | <0.002] <0.002] <0.001] _<0.002] <0.002| _<0.002| _<0.002| __<0.002 
Sodium | 8B] 75.1] 9.0] 73.3] 75.5] 78.6] 79.1 
ding Tt] <0.005] <0.005] <0.005] 0.005] 0.052] 0.176] 0.038 
Fluoride | TS] 5] Ot] 5] 16] 83-1 
(Chioride TO att] 40.0]— 35.0] 41.0 
pH 788] 84756] 7.090] 6.95] 7.89] 7.37] 98] 
INOZasNO TOT OP <Ott zt] Ot] 0.2] <0.1 
71231 
44215] 32414] 34212 
Th 230 (b) | 0.040.5[ 0.0204] 0.0205] 0.0405] 0.020.5] 0.0+0.5| 0.0+0.5| _0.0+1.0) 
0.0027] 0.0046] <0.0003[ 0.0019] 0.0008] 0.0004] _0.0005 


LEGEND 


Units in mg/I unless noted 

(a)units in micro Mhos/cm 

(b)units reported in picocuries/| 

DL - Detection Limit 

BDL - Below Detection Limit 

MGL - Maximum Groundwater Limit 


Barringer did not use an ICP-MS and could not have measured U concentrations this low. 
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HERMIT MINE 
WATER WELL MONITORING DATA 
4th Quarter 1990 to Present 


Quarterly Sampling 


Bi-Annual Sampling 


HER129 || HER134 || HER 137 |) HER148 HER150 
Collected |} Collected || Collected |} Collected 
12/10/92 3/3/93 6/16/93 2/16/93 


HER167 HER176 


Collected Collected 

3/03/94 12/09/94 06/21/95 
| titCC“‘(CC*Ath-1992_[1st-1993  |2nd-1993 [2nd-1993 [11-1994 [2nd-1994 |1st-1995 
eee eee eee ees ees eee ee 
Barium CTC CTC <O.02| ~— <00.02 
Cacium — —“‘(L,;~SC18] ~CGOOTCCSD|—— #$sC(iBTC(it‘iwBCC(‘ité‘iG|C‘“‘“‘#S QQ 
lon —“(it‘“s;é‘*dL:C(<S;:C(‘ 47] 47] 424430] 4.1) 
lead ec —“‘rYSC#OB FC <O.02] ~—<0.02] ~—<0.02] ~~ <0.02] ~— 0.005] __—__—0.005 
[Magnesium | S208] 200] 208] S212 207] —S 205] ~Ssi197 
[Manganese | SCS] SCiST——CsCiB——CCHS S| 055] 0.046 
Selenium Cid S032] <0.002] ~—<0.002] —<0.002| = <0.002| _—<0.005| __——<0.005) 
Sodium —“‘aRLC84 AT 7.7] 83.0] 86.2] 78.7] 83.0] 79.0) 
HCOS.—(“(tts*~‘“‘(C*rLSCOC*‘é*OLC“O@;™“CéisétéO’CUC“‘éUGT;CO™~*C‘“‘éAO’;™CO™COCsC“‘(‘é‘CSYTCNsC“‘<‘iéKS!: C172 
<1.0/ <0) <t.0) 4.0] 4.0] 1.0 
pH —“‘“CSCSC;C;C;*CLSCOC*‘és@|:COC*C“‘éi@‘’”:COWO#OC‘«éwG«SBY_C 7.02] 7.00] 7.06] 7.25 
Sica —~—“—*~s*é~*rSC“‘ A|:CO™~C] CG 2]) STB] 13.0] 13.0 
[Gross Alpha (b)———s«| = 4629| ——23222|34225/—51420] 15413] 11417; 53225) 
[Uranium SSS*ES.005] 0.0006] 0.0022 0.0003] _—<0.0003] _—0.0019|_ > 0.0007 


LEGEND 


Units in mg/I unless noted 

(a)units in micro Mhos/cm 

(b)units reported in picocuries/| 

DL - Detection Limit 

BDL - Below Detection Limit 
MGL - Maximum Groundwat 


How does gross alpha increase but U concentrations decrease? 
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HERMIT MINE 
WATER WELL MONITORING DATA 
4th Quarter 1990 to Present 


Bi-Annual Sampling 


HER183 HER189 HER192 HER208 HER218 HER223 
Collected || Collected || Collected |} Collected || Collected |} Collected || 
11/14/95 || 05/15/96 || 07/31/96 06/18/97} 12/30/97 || 06/25/98 

2nd-1995 


Silver <0.0 
Arsenic <0.00 
Barium 
Calcium 
Cadmium 


Chromium <0.0 
Copper <0.0 
ron : 


Lead 


nganese 
Mercu 
Potassium 


pS 
oa 
Oe fe) ad ed 6 ed 


<0.000 


<0.000 


NO 
N Lind 
O|N N 


| __<0.005| 
odium | «87.0 


a 


0 
inc | <0.02| 
luoride 
Alkalini 1 
HCO3 164 


Chloride 
Specific Conductance (a 
NO3 as N 


Phosphate 
ulfate 


= 
& 
oO 


Gross Alpha (b 


Gross Beta (b 
Ra 226 (b 
h 230 (b 


fee) 


Silver 
Arsenic 
Barium 
Calcium 
[Cadmium 
[Chromium 
[Copper 
[ae 
lead 
[Magnesium 
[Manganese 
Mercury 
Potassium 
Selenium 
[Sodium 
Zinc 
Fluoride 
Alkalinity 
IHCOS 
COS 
(Chloride 
pH 
[Specific Conductance (a) _| 
TDS 
INOSasNo 
[Phosphate 
Sulfate 
Sica 
[Gross Alpha (b) 
[Gross Beta (b) 
[Ra 226 (b) 
Th230 (b) 
Uranium 
LEGEND 


Units in mg/| unless noted 

(a)units in micro Mhos/cm 

(b)units reported in picocuries/| 

DL - Detection Limit 

BDL - Below Detection Limit 
MGL - Maximum Groundwatt 
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HERMIT MINE 
WATER WELL MONITORING DATA 
4th Quarter 1990 to Present 


i HER228 STATISTICAL SUMMARY 

| Collected 

Parameters 11/23/98 DATA RANGE 

P C~—~—“‘CSC*dnd-1998 | MIN - MAX AVERAGE MGL 

eee eee 

Barium = C—C‘iT:SCts~“C*‘éONZ]: CBDL-004 Cid] i052] Ci. | 

Calcium —“‘iLSC*éS‘O;"SOC513-660——(issiCidT:=C‘<‘C;SSCéC C80 

[Copper —“‘;é‘LSSC<O.001{BDL-0.03— (ws | Ci. 

ron —“‘iLSCC19.3f 2.10-19.30 5.92 

[Magnesium | Ci193]—S 167-218 Cs] 198 S199 

co3, t—“‘“CézrTSC OCU ;®CTTC“tC*i‘MLYTCCCi?’ 

pHi“ C™C™~—“‘C;‘*LSC*C“‘(‘#SNS:#CSQO]«G84-789 | 720] «6.85 

INOSasN—CidTC(‘SSC‘iOB| SCO BDL-09——CtsdTs i (<$es( sii 

[Phosphate Cs| SCiOO7|SBDL-.007,——(<;ssCdY|:CSCHS|SCt—C“‘iOd 

[Gross Alpha (b) | S47 19[ 9414 - 71431 | 29.14] 84 

49413 
| 4.82.87[ 4.340.7- 11.121 | 9] 4 


Units in mg/l unless noted 

(a)units in micro Mhos/cm 

(b)units reported in picocuries/| 
DL - Detection Limit 

BDL - Below Detection Limit 
MGL - Maximum Groundwat 
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20 pCi/L 


EPA MCL: 
0.030 mg/L 


MEMORANDUM 
TO; Rober A. Hembree, Mine Planning Engineer 
FROM: John F. Beesley, Jr. Mine Engineer 


SUBJECT: | Hermit Pond Liner Installation 


DATE: September 3, 1987 


Installation of the pond liner at Hermit began August 12, 1987 with preparation of the 
pond bottom surfaces. The bottom and sides were rolled with a double drum, self-propelled, 
vibrating compactor. They were then inspected and any protruding rocks and twigs were 
removed. Preparation of the liner surface took 2 men 2 weeks to complete. Care was taken to 
ensure a smooth, competent bed for the liner. An anchor trench 1 foot deep and 18 inches wide 


was also cut during preparation for anchoring the liner. 


A high density, chlorosulfonated polyethylene, Hypalon liner, 36 mils thick, was laid down 
on August 18 and 19. We used 10 workers both days to spread the liner. Four panels, 57.75 feet 
by 200 feet, were spread for a total of 46,200 square feet of liner. Three field seams, each 200 
feet long, were seamed using trichloroethane prewipe and Hypalon to Hypalon bonding cement. 
Seaming was done under the direct supervision of myself to ensure that procedures were 
meticulously followed, ie., proper cleaning of surface, application of prewipe, even spreading of 
glue, liner laying flat with no wrinkles, surfaces pressed together and rolled flat. Seaming was not 


attempted when temperatures were lower than 75 degrees. 


All seams were checked with a 90 psi air lance. All bubbles, leaks and weak spots were 
patched and rechecked. The maximum depth of the pond is 10 feet, the airlance pressure 
corresponds to over 200 feet of water so seams are guaranteed to be water tight. All factory 
seams were also air lanced. As field engineer, I personally airlanced every foot of field seams. All 
field seams were checked at least three times and some even four times. Confidence that the liner 


is watertight is very high. 


The liner was installed following specifications outlined by the Hypalon manufacturer. We 
also complied with all other requirements as outlined in the mine plan. Volume of the pond has 


been calculated and is 6.5 acre feet. 6.5 acre feet is just for one of the two ponds 


Telephone Conversation Log 


a Croi DalIW ys pate 1/14(99 to 1[2000.m — 1YOom. 
N. Phone: 
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MAR 1 0 1995 
Is nucleer, Inc. SURFACE WATER 
energy rue S ENFORCEMENT UNIT 
2555 N. Hwy 89A Exploration - (602) 643-7325 
HC 64, Box 152 Operations - (602) 643-7321 
Fredonia, Arizona 86022 Fax Number- (602) 643-7328 
March 8, 1995 
IFER PROTECTION 
re peondeniptiaee A OROGRAM SECTION 
i 5 
MAR 1 3 1995 


Arizona Department of Environmental Quality 

Office of Water Quality 

Surface Water Enforcement Unit - Sth Floor RECEIVED 
3033 North Central Avenue 

Phoenix, Arizona 85012 


Dear Sir: 


Re: Arizona Groundwater Permit -- Hermit Mine -- Post Closure Monitoring Permit 
No. G-0035-08 


This letter is written following the Energy Fuels Nuclear, Inc. (EFNI), February 3, 
1995, notification to the Arizona Department of Environmental Quality (ADEQ), concerning 
the initial outline to address water quality data related to the EFNI Hermit Mine Groundwater 
Monitoring Well. 


Delayed receipt of water quality and laboratory reports and related computer statistical 
analyses thereof has slowed progress to respond to indication of apparent exceedances of 
parameters described within Groundwater Protection Permit No. G-0035-08. Work towards 
completing the initial step to address the quality assurance of existing data as described in the 
correspondence of February 3, 1995, is ongoing and progress of this effort will continue to be 
reported to ADEQ monthly. Upon completing the data statistical analyses report, geochemical 
issues will be investigated as may be required. 


Atm 


Arizona Department of Environmental Quality 
March 8, 1995 
Page 2 


Should additional information concerning the work schedule addressing the apparent 
Hermit Mine Groundwater Monitoring Well apparent exceedances be required, do not hesitate 
to contact me at the EFNI Fredonia, Arizona, office telephone number: (602) 643-7321 or via 
fax number: (602) 643-7328. 


Very truly yours, 


Zager B Krk 


Roger B. Smith 
General Manager of Mining Operations 


RBS/ksc 
ce: Mr. Harold R. Roberts 


Mr. Lawrence L. Casebolt 
Ms. Michelle R. Rehmann 


4 « J 5286437328 
s - JAN G4 799 61:44PM INTEF IONAL URANIUM (USA) Pid 


INTERNATIONAL 
URANIUM (USA) 
CORPORATION 


2555 N. Highway 89A @ H.C.64 Boxi53 » FredoniaAZ 86022 @  520643-7321 @ 5206437328 (fax) 


FACSIMILE TRANSMITTAL 


. TO: Crave Sewa.e FAXNO: © °2 - Zo? - ¥u7¢ 
A DEO PHONENO: 4.2% - 227 — 2789 
FROM: Dour ~?, (=—_—s BATE: 7 /¥ (39 


PAGE 10F: 2. 
IF ALL PAGES ARE NT RECEIVED, PLEASE CALL: “)\ .., 


IMPORTANT/CONFIDENTIAL: FAX messages ar: sometimes received by persons other than to the person to whom they 
are addressed as a result of equipment failure cf human error. This Communication is intended solely for the addressee 
shown above. Please notify our office immediztely at any of the telephone or Fax numbers shown above if you are not 
the addressee or someone responsible for deli ‘ering it to the addressee. We retain all rights and privileges as to this 
communication and prohibit any dissemination, dis tribution or copying by or to anyone other than the addressee Our office 


will arrange for its return by the United States F ostal Service or by commercial carrier to us at no cost to you. 


JAN @4 799 @1:45PM INTE 


DATE 
September, 1990 
September, 1990 
August, 1994 
August, 1994 
August, 1994 


August, 1994 

September, 1994 
September, 1994 
September, 1994 
November, 1994 
November, 1994 
December, 1994 


5286437328 


TIONAL URANIUM (USA) P.2/72 


HERMIT MINE RECLAMATION 


DESC 2<IPTION 
All sur ace plant facilities removed 


Main s 1aft backfilled and sealed 


* Ore sti ckpiles were transported to the White Mesa Mill 
_ Surfac:: containment pond hypalon liner removed (salvaged) 


Sedimy nt/precipitant accumulated in the pond was collected as ore 
and se: it to the White Mesa Mill 

Ventik tion Shaft backfilled and sealed 

Securi y Fence Removed 

Concr te sewage septic system tanks removed 

Cattle zuards removed from the haulage road 

Radio] gical site survey was completed 

Re-coi touring of the Hermit Mine site and spreading of topsoil 
Site re :slamation completed 


WATER PERMITS 


INTERNATIONAL 
IU URANIUM (USA) JAN 19 1999 
CORPORATION RECEIVED 


H.C. 64 © Box 153 ¢ 2555 No. Highway 89A ¢ Fredonia, AZ 86022 © 520 643 7321 (phone) © 520 643 7328 (fax) 


January 13, 1999 


VIA UPS 

Mr. Craig DeWalt, REM 

Arizona Department of Environmental Quality 
3033 North Central Avenue, M0401A 
Phoenix, Arizona 85012 


Re: Radiological Survey Map and Photographs of the Hermit Mine Site 
Dear Craig, 


Per your request, enclosed is the radiological survey map and photographs of the Hermit Mine Site. The original 
radiological survey map that was prepared in November, 1994, when the first survey was conducted, could not 
be located; consequently, a new radiological survey had to be conducted and the enclosed map was compiled 
based on radiological survey data collected on January 7, 1999. Two copies of the survey map are enclosed. 


There are five photographs enclosed that present a photographic history of the Hermit Mine Site. The first 
photograph shows the mine site when the Hermit Mine was in operation and at full production. The second 
photograph shows the Hermit Mine Site when all of the buildings, equipment, headframe, and other structures 
had been removed from the site and all that was left were the evaporation ponds, ore stockpiles, and the well and 
water storage tank, taken in April, 1993. The third photograph is a picture of the mine yard during reclamation, 
and the replacement of the topsoil over the mine site, taken in November, 1994. The fourth photograph was taken 
last week when the radiological survey was conducted, on January 7, 1999. This photograph shows what the 
mine site looks like today after being reclaimed. The fifth photograph is a picture of the radiological survey being 
conducted on January 7, 1999. This picture is taken in about the center of the original mine site. 


After reviewing the enclosures should you have any questions or require additional information please feel free 
to call Mr. Roger Smith, General Manager of Mining Operations or me at 520-643-7321. 


Very truly yours, 


Wl A Parent 


Donn M. Pillmore 
Project Manager 


Enclosures 
ce: Dennis L. Turner/ADEQ 


Jayanta Das/ADEQ 
R. B. Smith 


DATE 
September, 1990 
September, 1990 
August, 1994 
August, 1994 
August, 1994 


August, 1994 

September, 1994 
September, 1994 
September, 1994 
November, 1994 
November, 1994 
December, 1994 


HERMIT MINE RECLAMATION 


DESCRIPTION 
All surface plant facilities removed 
Main shaft backfilled and sealed 


- Ore stockpiles were transported to the White Mesa Mill 


Surface containment pond hypalon liner removed (salvaged) 
Sediment/precipitant accumulated in the pond was collected as ore 
and sent to the White Mesa Mill 

Ventilation Shaft backfilled and sealed 

Security Fence Removed 

Concrete sewage septic system tanks removed 

Cattle guards removed from the haulage road 

Radiological site survey was completed 

Re-contouring of the Hermit Mine site and spreading of topsoil 
Site reclamation completed 


Hermit Mine Site 


Radiologic Survey January 7, 1999 


Looking N east January 7, 


Hermit Mine Site 


Looking South - November, 1994 


Replacing Topsoil and Final Grading 


4 : 3 oe 
Pe BD pee Stig ie Pe thd 
» Si ee oaths 


Hermit Mine Site - Looking Northeast - April 29, 1993 


Hermit Mine Site 


Looking South - During Full Mining Operations 
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REVIEW OF SHAFT AND RAISE 
CLOSURE PLAN AT THE HERMIT MINE 
OF ENERGY FUELS NUCLEAR, INC. 


INTRODUCTION 
The Hermit Mine of Energy Fuels Nuclear, Inc. (EFNI), located 
in Section 17, T38N, R4W, Mohave County Arizona, is being closed 
because of depleted reserves. Part of Groundwater Quality 
Protection Permit No. G-0035-08 for the Hermit Mine reads as 
follows: 


"Upon cessation of mining operations, the operator shall 
implement the closure plan as referenced in the approved Plan 
of Operations. In the event that a geologic formation 
continues to produce water during the operational life of the 
mine, such formation shall be isolated from the lower geologic 
unit by the installation of a clay plug, a 40% clay/60% 
crushed shale plug or a bentonite plug in the main shaft, the 
air shaft and the monitoring well." 


At the request of EFNI, a Behre Dolbear mining engineer 
visited the EFNI offices in Fredonia, Arizona on February 12, 1990 
to review those portions of the EFNI mine closure plan relating to 
water containment and mine access. After a thorough review and 
discussions with members of the EFNI staff, a trip was made to the 
Hermit Mine to examine the locations where EFNI is proposing to 
place various plugs, a bulkhead, and fill material. 

The person who made the examination was Richard Waissar, a 
mining engineer with 29 years of experience and a registered 
professional engineer in Colorado. Mr. Waissar is familiar with 
the geology and ground conditions in the area, having previously 
provided consulting services for parties other than EFNI at the 
Hack Canyon, Pigeon, and Kanab North Mines, which are in the same 


geologic environment. 


PLAN DESCRIPTION 
The EFNI closure plan is depicted in Figure 1. During the 


site visit it was observed that water was flowing from the Toroweap 
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FIGURE 1 


ore zone down the incline and into the production shaft at a rate 
estimated tobe 15=20 gallons \persminute: The objective of the 


EFNI plan is to isolate this flow and flows from the Coconino 


Sandstone, which underlies the Toroweap formation, from lower 


geologic units. The next lower known aquifer is located in the 
Muav limestone which is separated from the Coconino sandstone by 
1800 feet of other sedimentary rocks. Of particular interest is 
the tight, 


approximately 30 feet below the Toroweap formation and about 1800 


Hermit shale, a_ relatively impermeable - shale 


feet above the Muav limestone. Klinkenberg permeability tests 
performed on core samples of the Hermit shale taken at the mine 
showed an estimated vertical permeability below the detection level 
or at least io” The bottom of the 


production shaft and the mine sump are in this shale. The various 


of the equipment, cm/sec. 
geologic structures are shown in Figure 2. 


Referring once again to Figure 1, the sequence of the EFNI 


plan is as follows: 

i. Drill and blast keyway excavation in production shaft at 
3854 elevation. 

Z- Fill shaft with waste rock to 3854 elevation. 

36 Pour 6-foot steel-reinforced concrete plug at _ key 
location. 

4. After concrete plug cures sufficiently, fill shaft with 
waste rock backfill to 3912 elevation. 

5. Place a 5-foot layer of bentonite at 3912 elevation. 

6. Widen mouth of raise at end of 3920 level. 

7. Pour 3-foot thick, steel-reinforced concrete plug 
beginning 5 feet below mouth of raise. 

8. Place 2-foot thick layer of bentonite on top of concrete 
raise plug. 

9. Construct 2-foot thick timber bulkhead in 3920 level to 


seal off shaft from level. 
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Backfill shaft and portion of shaft station at 3920 level 
with Moenkopi derived soil obtained from _ surface 
excavations (called "native clay formation fill" in 
Figure 1). 

Place 5-foot thick bentonite clay cap on top of Moenkopi 
material at 3983 elevation. 

Fill shaft to 4846 elevation with waste rock. 

Drill and blast 5-foot keyway at 4846 elevation. 

Pour 5-foot thick, steel-reinforced concrete plug at 4846 
elevation. NOTE: The purpose of this plug is to prevent 
surface subsidence and to assist in the prevention of 
surface water inflows. 

Place 5-foot thick bentonite plug on top of concrete 
plug. 

Fill shaft to within 10 feet of surface with waste rock. 
Fill remaining portion of production shaft with surface 
soil. 

Fill ventilation shaft and stope with waste rock to a 
point approximately 11 feet below the Coconino sandstone. 
Using a concrete bucket suspended from a cable, pour a 
6-foot thick concrete plug on top of the rock fill. 
NOTE: The ventilation shaft was bored by machine. The 
walls, although relatively smooth, are typically 
sufficiently grooved by the reamer employed in making the 
opening to promote a good bonding action between the 
shaft walls and the concrete. 

Place 5 feet of bentonite on top of concrete plug. 

Fill shaft with 38 feet of "native clay formation" to 
seal off Coconino sandstone. 

Place 5 feet of bentonite on top of native clay. 

Fill ventilation shaft with waste rock to within 35 feet 
of surface. 

Drill and blast 10-foot diameter keyway at 4846 


elevation. 


25. Pour 5-foot, steel-reinforced concrete plug. 

26. Place 5 feet of bentonite on top of concrete. 

27. Fill shaft with waste rock to within 10 feet of surface. 
28. Fill remaining portion of shaft with surface soil. 


The shaft plug at the 3854 elevation will be poured on a 
wooden platform supported by steel beams which now form part of an 
existing shaft set. The raise plug will be poured on timbered 
lagging. All other concrete plugs will be poured directly on rock 
backfill. Sketches prepared by an EFNI engineer showing rebar size 
and spacing, concrete specifications, and plug dimensions are 
attached to this report. 

While at the site, a visual examination was made of the 
Moenkopi derived soil to be placed in the shafts. The material 
appeared to have high clay and shale contents, which should make 
it suitable for its intended purpose. Laboratory tests on samples 
of the material to determine its suitability are currently being 
performed by the firm of Chen Northern, Inc. in Denver. The test 
results, however, were not yet available at the time this report 


a ee 


was prepared. Has some bentonite in soil 
CONCLUSIONS 

It is the opinion of Behre Dolbear that EFNI closure plan for 
the Hermit Mine meets or exceeds the requirements of Groundwater 
Quality Protection Permit No. G-0035-08. Migration of any mine 
inflow to the Muav limestone is essentially precluded by the fact 
that the two shafts bottom in the tight Hermit shale which should 
preclude any possible intermingling of aquifer waters. Further 
protection is afforded by the design of the concrete plugs and 
bentonite caps which are more than adequate to insure compliance 
with the permit requirements. Finally, the apparent clay content 
of the Moenkopi derived soil should insure the isolation of the 


Toroweap-Coconino formations from the lower geologic units. 
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1626 Cole Boulevard 
Dames & Moore Golden, Colorado 80401 
(303) 232-6262 
TELEX: 3720401 Cable Address: DAMEMORE 


February 2, 1987 
Our Ref: 09973-033-030 


Mr. Stephen P. Antony 
Energy Fuels Nuclear, Inc. 
One Tabor Center 

Suite 2500 

Denver, CO 80202 


Re: Hydrologic Evaluations for 


The Proposed Hermit Uranium Mine 
in Mohave County, Arizona 


Dear Mr. Antony: 


This letter transmits, herewith, ten (10) copies of the final report 
for the above referenced project. 


We have enjoyed performing this work for you. If you have any 
questions regarding this report or require additional information, please 
contact us. 

Very truly yours, 


DAMES & MOORE 
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1.0 INTRODUCTION 


1.1 SCOPE OF STUDY 

Energy Fuels Nuclear, Inc. (Energy Fuels) plans to develop an under- 
ground uranium mine at the Hermit site in Section 17, Township 39 North, 
Range 4 West, Gila and Salt River Meridian, Mohave County, approximately 22 
miles south-southwest of Fredonia, Arizona. This document describes the 
hydrologic and hydraulic analyses performed to evaluate the potential 
impacts of the proposed mining activities on the surrounding surface water 


environment. 
The scope of this study included the following main tasks: 


o Assessment of the climatic and hydrologic conditions in the vi- 


cinity of the Hermit Mine. 


o Determination of the hydrologic characteristics of watersheds near 


the mine site. 


o Estimation of peak flows of different recurrence intervals from 


subwatersheds in the vicinity of the mine site. 


fe) Development of a drainage control plan based on the 100-year 
flood. 


o Evaluation of potential project-related and cumulative downstream 


hydrologic impacts. 


as 


1.2 PROJECT OVERVIEW 

The Hermit Project will involve sinking a vertical shaft approximately 
1,100 feet below the surface. The surface facilities will consist of a 
headframe, main building and a new one-and-a-half mile access road. The 
areas proposed to be temporarily used or disturbed during the life of the 
project include about 20.4 acres for the surface facilities and rock dis- 


posal and about 5 acres for a new access road to the site. 


The Project Area is located on the Kanab Plateau within the Grand 
Canyon section of the Colorado Plateau physiographic province in the water- 


shed of Bulrush Canyon which is a minor tributary of Kanab Creek. 


After development activities are completed (approximately three years 
after start-up), the project will operate at an average production rate of 
300 tons per day for about five years. The barren waste rock generated 
during shaft sinking and mining will be disposed of in designated waste 
disposal areas. Prior to the construction of the mine yard, topsoil from 
the areas to be disturbed will be removed and stored on site. Uranium ore 
excavated from mine workings will be stockpiled on ore pads. The ore pads 
Will be at least one-foot thick and will be constructed of shale and lime- 


stone material. 


To minimize hydrologic impacts related to the project, surface runoff 
from the adjoining watersheds will be diverted around the mine area and the 
runoff and sediment generated within the mine area will be contained within 
the project boundary. A description of the proposed flood diversion and 


retention facilities is provided in the subsequent sections. 


ain 
2.0 HYDROLOGIC EVALUATIONS 


2.1 REGIONAL CLIMATE AND HYDROLOGY 

The proposed Hermit Mine is located in the Grand Canyon region of the 
Colorado River basin in a semi-arid continental climate. The ground eleva- 
tions in the region vary from above 5200 feet (MSL) in the uplands to lower 
than 3000 feet (MSL) in the valleys. The region is characterized by cool 
winters with some snow and below freezing night temperatures to warm sum- 
mers with high temperatures rising above 90°F. The average annual precipi- 
tation in the region varies from about 11 to 15 inches. The annual preci- 
pitation for the driest and wettest years at Grand Canyon National Park for 
the period of record, 1931-1982, have been 7.14 inches in 1976 and 25.51 
inches in 1982, respectively. The average annual precipitation at the 
station is 14.42 inches. Approximately one-half of the annual precipita- 
tion in the uplands occurs as snow. A typical distribution of the annual 
precipitation into monthly increments at Tuweep, Arizona is shown in Table 
2.1 (NOAA, 1973). 


TABLE 2.1 TYPICAL DISTRIBUTION OF INCREMENTAL MONTHLY PRECIPITATION AT 
TUWEEP, ARIZONA 


Precipitation Precipitation 
Month (inches ) Month (inches) 

January 1.10 July 1.28 
February 0.90 August 1.97 
March 1525 September 0.79 
April 0.73 October 0.80 
May 0.40 November 0.77 
June 0.40 December 1.43: 

TOTAL ANNUAL 11.70 


The area is subject to both localized convective storms (thunder- 
storms) and general frontal-type storms covering relatively large areas 
(i.e., larger than 10 sq. miles). The thunderstorms generally occur as 
Single cells of intense vertical convection resulting from an invasion of 
marine air from the Gulf of Mexico or Gulf of California and are prevalent 


in the summer months of July to mid-September. In the winter (from Novem- 


ahi 


ber to March), frontal type systems are more prevalent with usually light 
but wide-spread and long lasting rains mixed with snow moving from the west 


to east. These storm systems derive their moisture from the Pacific Ocean. 


2.2 LOCAL HYDROLOGY 
2.2.1 Watershed Characteristics 

To perform a hydrologic evaluation of the Project Area, the basin 
around the mine site was divided into three different subwatersheds as 
shown in Figure 1. Subwatershed A includes the area upstream of the Pro- 
ject Area on the southwest; subwatershed B includes the area to the south 
of the Project Area; and subwatershed C includes the area within the 
Project boundary. A map of subwatershed C along with the proposed surface 
facilities is shown in Figure 2. The areal extents, hydraulic lengths, 
topographic relief, and times of concentrations for these subwatersheds are 


shown in Table 2.2. 


TABLE 2.2 HYDRAULIC CHARACTERISTICS OF SUBWATERSHEDS 


Hydraulic Topographic Time of 
Area Length Relief Concentration 
Subwatershed (sq _mi) (feet) (feet) (hour ) 
A 0.105 4 44s 64 0.429 
B 0.251 4,268 66 0.404 
C 0.032 800 10 0.121 


The time of concentration is defined as the time a drop of water takes 
to travel from the farthest point in the watershed to the point where the 
surface runoff hydrograph is to be computed. The equation used to estimate 
the time of concentration is (USBR, 1977): 
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where, ty = time of concentration in hours, 
L = hydraulic length of the longest water course in the 
basin in miles, 
H = topographic relief of the subwatershed in feet, i.e., 


difference in elevation between the furthest point in 
the watershed and the location where the runoff hydro- 
graph is to be computed 


The general vegetative cover in the Project Area consists of grasses and 
sagebrush with bare rock and soil exposed over about 50 percent of the 
area. Vegetation and plants exceeding three feet in height are almost non- 
existent. The three subwatersheds mentioned previously are comprised of 
moderately undulating plateaus and mesas with average ground slopes of 
about 1.0 to 1.5 percent. The surface soils consist of residuum and allu- 
vium weathered from limestones and siltstones. For the natural subwater- 
sheds A and B, a Soil Conservation Service curve number (CN) of 72 is 


adopted assuming AMC-II type of antecedent moisture conditions. 


The curve number (CN) is an index used to estimate the surface runoff 
potential of a watershed for a given depth of precipitation. It depends on 
the hydrologic soil group of the surface soils, type and condition of land- 
use or surface cover, hydrologic condition of the watershed for infiltra- 
tion, and antecedent moisture condition of the soils at the time of the 
occurrence of the storm (SCS, 1972). The silty and sandy soils in the 
Project Area are judged to belong to hydrologic soil groups B to C. The 
small portions of the subwatersheds having rock outcrops belong to hydrolo- 
gic soil group D. Hydrologic soil groups B, C, and D refer to soils with 
moderate, slow, and very slow rates of water transmission or moderately 


fine to moderately coarse, moderately fine to fine, and clay like textures, 
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respectively. The land use or vegetal cover for these areas is judged to 
be similar to pastures or ranges with moderate cover of sagebrush and poor 
to fair conditions for infiltration. The AMC-II type of antecendent mois- 
ture condition implies average moisture conditions which have preceded the 


occurrence of the maximum annual flood on numerous watersheds (USBR, 1977). 


Before the operation of the mine, subwatershed C will be significantly 
altered from its natural condition. Some of the features to be installed 
in this subwatershed are shown in Figure 2. Some of the portions of this 
subwatershed will be covered with buildings or compacted. For this reason, 
a higher curve number (CN) of 74 is adopted for AMC-II conditions for this 


subwatershed. 


2.2.2 Hydrologic Analyses 

To develop the surface runoff hydrographs for the three subwatersheds 
listed in Table 2.2 for storm events of different recurrence intervals, the 
HEC-1 computer program of the U.S. Army Corps of Engineers (USACE, 1981) 
was used. The approximate location of the subwatersheds is near longitude 
112°45' and latitude 36°41'30". The 5-min., 10-min., 15-min., 30-min., 1- 
hour, 2-hour, 3-hour, 6-hour, 12-hour, and 24-hour precipitation depths for 
recurrence intervals of 2 to 100 years used as input to this model were 
computed using the Precipitation-Frequency Atlas for the Western United 
States, Volume VIII, Arizona (NOAA, 1973). To estimate the precipitation 
depths for a recurrence interval of 500 years, the aforementioned values 
were plotted on a lognormal probability paper. The 500-year precipitation 
depths were then estimated by linear extrapolation. The lognormal proba- 
bility plots of precipitation depths are shown in Figure 3 and the cumula- 
tive precipitation depths for all the durations and recurrence intervals 


are shown in Table 2.3. 
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TABLE 2.3 CUMULATIVE PRECIPITATION DEPTHS NEAR HERMIT PROJECT (inches) 


Recurrence 
Interval/ 
Duration  2-yr. 5-yr. 10-yr. 25-yr. 50-yr. 100-yr. 500 yr. 
5 min. 0.225 0.305 0.363 0.450 0.508 0.580 0.72 
10 min. 0.349 0.473 0.563 0.698 0.788 0.900 1a 13 
15 min. 0.442 0.599 0.713 0.884 0.998 1.140 1.44 
30 min. 0.613 0.830 0.988 1.225 1.383 1.580 1.99 
1 hr. 0.776 1.05 1«25 1a 1.75 2.00 2.50 
2 hr, 0.88 1.2 1.40 1.75 1.98 ard 2.78 
3 OP. 0.95 1.29 1.50 1.87 2s 13 2335 2.90 
6 hr. 1.07 1.47 1.68 2ek 2.38 2.6 3.2 
12 BY, 1.24 1.70 1.92 2.44 2.69 3.0 3.70 
24 hr. 1.3t 1.9 262 2.07 3.0 3.4 4.20 


The lag time for each subwatershed is assumed to be 60 percent of the 
respective times of concentration shown in Table 2.2. The lag time for a 
subwatershed is defined as the time from the center of mass of the rainfall 
excess to the time of occurrence of the peak rate of runoff (SCS, 1972). 


In addition to the cumulative precipitation depths shown in Table 2.3, 
the areal extent of each subwatershed (Table 2.2), the lag time, and the 
curve numbers (CN) described previously are provided as input to the HEC-1l 
computer program (USACE, 1981). The resulting peak flows, runoff coeffi- 
cients for the 24-hour storms, and volumes of surface runoff for each 


subwatershed are presented in Tables 2.4 (a), 2.4 (b), and 2.4 (c). 


le 
TABLE 2.4 (a) ESTIMATED PEAK FLOWS AND RUNOFF VOLUMES, SUBWATERSHED A 
(Area = 0.105 sq. mi.) 


RESULTS OF HEC-1 COMPUTER PROGRAM 
Curve Number (CN) = 72 


AMC-II 
Return Period Runoff Peak Flow Runoff Volume 
(years) Coefficient (cfs) (acre-ft) 
2 0.058 5 0.45 
5 0.132 22 1.40 
10 0.173 36 2.13 
25 0.243 68 3419 
50 0.268 88 448 
100 0.310 116 5.88 
500 0.380 184 8.90 


TABLE 2.4 (b) ESTIMATED PEAK FLOWS AND RUNOFF VOLUMES, SUBWATERSHED B 
(Area = 0.251 sq. mi.) 


RESULTS OF HEC-1 COMPUTER PROGRAM 
Curve Number (CN) = 72 


AMC-II 
Return Period Runoff Peak Flow Runoff Volume 
(years) Coefficient (ef's) (acre-ft) 
2 0.058 12 1.07 
5 0.132 53 Sa 357 
10 0.173 88 5.09 
25 0.243 167 8.97 
50 0.268 215 10.71 
100 0.310 282 14.06 
500 0.380 450 21.28 
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TABLE 2.4 (c) ESTIMATED PEAK FLOWS AND RUNOFF VOLUMES, SUBWATERSHED C 
(Area = 0.032 sq. mi.) 


RESULTS OF HEC-1 COMPUTER PROGRAM 
Curve Number (CN) = 74 


AMC-II 
Return Period Runoff Peak Flow Runoff Volume 
(years ) Coefficient (cfs) (acre-ft) 
2 0.080 4 0.19 
pS 0.158 16 0.51 
10 0.205 26 O<TT 
25 0.275 4g 1.30 
50 0.301 62 1.54 
100 0.342 82 1.98 
500 0.414 128 2.95 


The values in Tables 2.4 (a), 2.4 (b), and 2.4 (c) are judged to represent 
reasonable design bases for hydraulic structures. The 10-year and 100-year 
flood hydrographs for AMC-II conditions for subwatersheds A and B are shown 


in Figures 4 and 5, respectively. 
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3.0 SURFACE DRAINAGE CONTROL PLANS 


3.1 OBJECTIVES OF SURFACE RUNOFF CONTROL 
Current regulations and environmental considerations require that the 
surface runoff control system for the proposed Hermit Project meet the 


following objectives: 


o Surface runoff diversion facilities for subwatersheds upstream of 
the Project Area should, as a minimum, be designed to control 


runoff from a 10-year 24-hour storm event. 


o The release of radioactive materials into the surface and ground 
water environment due to erosion from uranium ore stockpiles or 
otherwise should be prevented even during extreme events up to the 
500-year 24-hour storm. To meet this objective, the on-site 
retention structures should be designed to store surface runoff 
from the 500-year 24-hour storm with appropriate allowance for 


sedimentation and disposal/storage of all mine-related water. 


o The ground surface and facilities within the Project Area should 
be graded as to ensure that the surface runoff and eroded material 
reach the on-site retention structures without spilling over the 


site boundary. 


o The flood diversion system should be designed to cause minimal 


impacts/changes in the existing drainage patterns of the area. 


3:2 - PROPOSED DRAINAGE CONTROL PLANS 

The proposed surface runoff control plan includes two diversion ditch- 
es along the northwestern and southern boundaries of the site area. These 
diversion ditches would convey surface runoff from subwatersheds A and B, 
respectively. These ditches would be designed to pass the 100-year 24-hour 
flood peak from their respective drainage areas with sufficient freeboard 
to handle the 500-year, 24-hour flood peak without undue damage. This will 
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ensure that surface runoff from subwatersheds upstream of the Project Area 
does not enter the site boundary. As an additional measure to prevent run- 
on to the Project Area, a peripheral dike will be constructed around the 


Property boundary. 


To eliminate the potential for the release of surface runoff and 
sediments out of the Project Area, an evaporation pond will be constructed 
on site to store the 500-year, 24-hour storm runoff volume from the area 
within the site boundary, sediment yield from the area for a period of 
about five years, carry over runoff from a wet period assumed to be equi- 
valent to a 2-year 24-hour storm runoff volume, and any additional mine- 
related water. The evaporation pond will be cleaned of deposited sediment 
as and when required to maintain the aforementioned storage capacity at all 


times during the operation of the mine. 


3.3 SEDIMENTATION ANALYSIS 
For a preliminary estimate of the sediment yield of the area within 
the site boundary, e.g., subwatershed C, the Universal Soil Loss Equation 


is used with the following parameters (SCS, 1976): 


= RKLSCP (344) 
where, A = estimated sediment yield in tons/acre/year 
= rainfall factor which is estimated to have a value of 
40 for the site area 
K = soil erodibility factor assumed to be 0.2 for the compacted 
and partially armored surfaces in the site area after de- 
velopment 


LS = slope factor assumed to be 0.55 for about 1.25 percent slope 
over a length of about 4000 feet in subwatershed C upstream 
of the proposed retention pond 


C = crop management factor taken to be 0.45 for almost no ground 
cover and no appreciable canopy on the surface 


P = erosion control factor, conservatively assumed to be 1.0 


Substitution of these values in the Universal Soil Loss Equation 
results in a sediment yield of 1.98 tons/acre/year or 40.39 tons/year for 
the total area of 20.4 acres for subwatershed C. Assuming the unit weight 
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of sediment to be 100 lbs/cft, the annual sediment yield is estimated to be 
808 cft requiring a capacity of 0.10 acre-ft. to store the sediment load 


generated in five years. 


3.4 DESIGN SPECIFICATIONS 
3.4.1 Diversion Ditches 

For nearly maintenance free operation, the diversion ditches will be 
excavated with bed slopes approximately equal to the existing ground 
slope. Also assuming that the ditches will develop some vegetation along 
their banks over time, a Manning's n value of 0.04 is conservatively assum- 
ed. The hydraulic design parameters for a trapezoidal ditch along the 


northwestern edge of the Project Area are: 


100-year peak flow (subwatershed A) = 116 cfs 
Bed slope: S = 0.010 ft/ft 

Bed width = 12 ft, side slopes = 2H:1V 

Water depth = 1.7 ft, Area = A = 26.18 sq ft 
Wetted perimeter = 19.60 

Hydraulic mean depth= R = 1.33 ft 


1. 486R2/35 1/2 (3.2) 
n 


4.5 ft/sec (Chow, 1959) 
Total depth of excavation with a freeboard of 0.3 ft = 2.0 ft 
Height of peripheral dike above ground on the northwestern edge = 2 ft 


Velocity 


as of riprap along the channel bank toward the site boundary = 1.5 in. 


This size of riprap will provide an adequate factor of safety against the 
boundary shear produced by the estimated maximum velocities in the channel 
(USACE, 1970; 1971). This nominal riprap will be provided only on the bank 
toward the Project Area. The outer bank will be protected by vegetation 
cover. The permissible non-scouring velocity for vegetated channels exca- 
vated in easily erodible soils with 0 to 5 percent bed slopes varies from 
about 2.5 to 5 ft/sec (Barfield, Warner, and Haan, 1981). The computations 


for riprap size are abstracted below: 
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Local boundary shear in lbs per sq ft = T, = W ve 5 
[32-6 toe 12.20 | 
dco (3.3) 
Design resisting shear = T = 0.040 (w, - W) doo (3.4) 
Design shear corrected for riprap placed on channel slopes = 
t! = T/1 -Sin? a i- 
Sin? b (3.5) 
Factor of safety = “i 
where w = unit weight of water = 62.4 lbs/cft 
Wy = unit weight of stone = 165 lbs/cft 
y = water depth in channel in ft 
dso = average stone diameter in ft 
a = angle of channel bank slope with the horizontal = 26.57° 
b = angle of repose of riprap = 42° (Barfield, Warner, and 
Haan, 1981) 
Thus, T. = 0.2413 lbs/sq ft; T = 0.513 lbs/sq ft; qt! = 0.3815 lbs/sq ft, 


fe) 
and factor of safety = 1.58 


Thickness of riprap = 2.25 inches 
Hydraulic design parameters for the trapezoidal ditch along the southern 


edge of the site boundary are: 


100-year peak flow (subwatershed B) = 282 cfs 
Bedslope = S = 0.0064 ft/ft 

Bed width = 12 ft, side slopes 2H:1V 

Water depth = 3.1 ft, Area = A = 56.42 sq ft 
Wetted perimeter = 25.863 ft 

Hydraulic mean depth = R = 2.18 ft 

Velocity = 1.486 R°/3 s!/2 


n 
5.0 ft/sec (Chow, 1959) 
Total depth of excavation with a freeboard of 0.4 ft = 3.5 ft 


Height of peripheral dike above ground on the southern edge of the site 
boundary providing an additional freeboard = 2 ft 


ds59 of riprap along the channel bank toward the site boundary = 1.5 inches 


ao BOs 


Using equations 3.3, 3.4, and 3.5 for the velocity and water depth in the 
channel, T, = 0.2385 lbs/sq ft; T = 0.513 lbs/sq ft; tT! = 0.3815 lbs/aq ft+ 
and factor of safety = 1.6 

Thickness of riprap = 2.25 inches 


Since the channel velocities during extreme flood events are in the 
range of 4.5 to 5.0 ft/sec, riprap protection will be provided only along 
the channel bank towards the Property boundary. The outer bank will be 
protected by vegetation. As stated previously, the permissible channel 
velocity for vegetated channels excavated in easily erodible soils with 0 
to 5 percent bed slopes varies from about 2.5 to 5 ft/sec (Barfield, War- 


ner, and Haan, 1981). 


3.4.2 Evaporation Pond 
The storage capacity of the evaporation pond is estimated to be as 


follows: 


o 500-year 24-hour storm runoff volume (AMC-II) 2.95 acre-ft 


o Capacity for carry over runoff from a wet period 
(assumed to be equal to the 2-year 24-hour storm 


runoff volume (AMC-II)) 0.19 acre-ft 
o Volume of sedimentation for five years 0.10 acre-ft 
Subtotal 3.24 acre-ft 

o Capacity for mine water assumed to be 10 percent 
of the above capacity 0.33 acre-ft 
Total Capacity 3.57 acre-ft 


say 4.0 acre-ft 


3.4.3 Drainage Crossing 

As shown in Figure 2, a drainage crossing (culvert) will be installed 
at the indicated location on the northwestern diversion ditch. This cul- 
vert will be designed to pass the design discharge of 116 cfs without 


overtopping. 
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An appropriate size for this drainage crossing has been selected using 
the methods given in Hydraulic Engineering Circular No. 5 of the Bureau of 
Public Roads (BPR, 1965) and Handbook of Steel Drainage and Highway Con- 
struction Products (AISI, 1971). Inlet control conditions have been assum- 
ed. In addition, the following general criteria have been followed: 

o As far as possible, the culvert invert is laid at the natural 

grade of the stream in the vicinity of the crossing. 

o To minimize maintenance and chances of blockage due to debris 

accumulation, a minimum culvert opening equivalent to a 24-inch 


diameter pipe has been adopted. 


o The maximum permissible design headwater elevation is taken to be 
less than or equal to the least of the following: 


(a) 1.5 x depth of opening above the invert for inlet control 
(b) 1.5 ft below the crest of the embankment 


The suggested type and size of drainage crossing is shown in Table 3.1. 


The plan and section of a typical pipe culvert are shown in Figure 6. 


TABLE 3.1 DESIGN DISCHARGE AND SIZE OF CULVERT 


Design 
Discharge 
Description (cfs) Type and Size of Crossing 
Culvert on northwestern ditch 116 Two 50 in x 31 in corrugated 


steel pipe arches or equivalent 


1.D. +4’ 
. Span aN 
or 8’ 


Whichever is Greater 


1.D. of Span 


Existing 


Flared End Section Ground Surface 


11/2 : 1 Slope 


Bedding of the Dimension 
and Type as Specified 


Riprap 


Section A-A’ 


Outer Limits 
of Channel Excavation 


3:1 Slope. 3:1 Slope 


Roadway 


Section D-D’ 


Gate 


of Typical Pipe Culvert 


Figure 6 


92. 


4.0 HYDROLOGIC IMPACTS 


4.1 FLOODING POTENTIAL 

With the diversion ditches designed to pass the 100-year flood peaks 
and additional freeboard provided in the channel design and that available 
due to the proposed dike, no flood damage is expected to any facility at 
the mine site. Because of available freeboard, the mine site facilities 
are flood proof for much more severe floods than the 100-year event. Some 
overland and overbank flooding may occur, during the 500-year storm event 
on the channel flank farther from the site boundary. However, this over- 
bank flooding is not expected to be more severe than that expected under 
the existing conditions. At present, the entire storm runoff from sub- 
watersheds A and B runs through natural depressions or rills or as overland 
flow. The construction of the proposed ditches will channelize flood flows 
and minimize overland flow and the associated soil erosion. Any overbank 
flows spilling over the channel banks would be much less than the overland 


flows without the ditches (i.e., under existing conditions). 


The on-site retention pond has a capacity to store more than the 
volume of the 500-year 24-hour storm runoff from the Project Area. There- 
fore, the flooding potential downstream of the mine site will be somewhat 
attenuated and the streamflows will be somewhat reduced. However, the area 
of subwatershed C, from which the surface runoff will be contained is only 
8.3 percent of the total area of the watershed contributing runoff to the 
point immediately downstream of the Project Area. Therefore, the overall 
impact at this location will be minimal and will become insignificant at 


points further downstream. 


4.2 EROSION POTENTIAL 

With the riprap and/or vegetation proposed along the inner banks of 
the diversion ditches, the potential for bank erosion will be minimized. 
Some erosion may be expected on the outer (unprotected) banks of these 
diversion ditches. However, the channel velocities for the most extreme 
flood events are in the range of 4.5 to 5.0 ft/sec as compared to the 


reported non-scouring velocities of 2 to 3.5 ft/sec for channels excavated 


ao 


in alluvial silts (Chow, 1959). Therefore, the erosion potential during 


most flood events is expected to be minimal. 


Any flood induced erosion within the Project boundary will be 
contained and therefore the impact of this erosion on the surrounding 


surface water environment will be insignificant. 


4,3 ACCIDENTAL RELEASE OF CONTAMINANTS 

As described in the previous sections, with the proposed design cri- 
teria, the probability of any eroded or accidently released contaminant 
getting out of the site area is extremely remote. To analyze a hypotheti- 
cal scenario, it is postulated that some amount of contaminated liquid gets 
released into the surrounding surface water environment, during an 
unexpectedly severe event, e.g., in excess of a 500-year storm. This 
volume of contaminated liquid will first be diluted by the estimated 2.95 
acre-ft of runoff volume generated within the Project Area (see Table 2.4 
(c)). Further dilution will be provided by an additional total runoff 
volume of 30.18 acre-ft from subwatersheds A and B by the time the 
contaminant reaches the downstream end of the mine site area (see Tables 
2.4 (a) and 2.4 (b). This will provide an additional dilution factor of 
about 11.2. Further dilution will be available when the contaminant 
reaches Bulrush Canyon and a dilution factor of about 2700 will be 
available in Kanab Creek giving a total dilution factor of about 24,000 
between the concentrations in the water getting out of the mine site area 
and that flowing down Kanab Creek. It may be noted that the drainage area 
of Kanab Creek near Fredonia is 1,085 sq miles compared to a total drainage 
area of 0.388 sq mile for the subwatersheds upstream of the outlet point of 
the mine site area (USGS, 1979). Therefore, it is expected that the 
available dilution factors in Kanab Creek under other flow conditions will 
also be of the same order of magnitude as for the storm exceeding the 500- 


year event. 
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5.0 CONCLUSIONS 


The hydrologic impacts associated with the proposed Hermit Mine can be 
minimized by the construction of the peripheral dike, diversion ditches, 
and evaporation pond as described in Section 3.0. The following general 
guidelines are recommended for continued mitigation of hydrologic impacts 
on the mine facility and the surface water environment surrounding the 


site: 


o The evaporation pond, dike, and diversion ditches should be rou- 
tinely maintained to insure their integrity at all times during 
the operation of the mine with appropriate modifications during 


reclamation. 


o The roads and road crossings should be monitored for signs of 
erosion. If any erosional damage is detected, the same should be 


repaired by riprap or other erosion control measures. 


o All disturbed areas and channel banks (when required) should be 


properly vegetated to establish satisfactory vegetation cover. 
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The Department shall be notified in writing at least one hundred and eighty (180) days prior to closure 


or abandonment of the facility. The operator shall submit and have approved an updated Post-closure 


Plan prior to this time. 
ACTION TAKEN: 


On February 19, 1990, Energy Fuels Nuclear, Inc., predecessor to International Uranium (USA) 
Corporation (IUSA), submitted a letter to Mr. Gary Ullinskey and Ms. Abigail Myers of the 
Arizona Department of Environmental Quality (ADEQ), Water Permits Unit, notifying the 
ADEQ of the closure and abandonment of the Hermit Mine. A comprehensive engineering 
report, prepared by Behre Dolbear & Company ("Behre Dolbear"), outlining the proposed 
closure plan, accompanied the letter of notification. A copy of the letter and the engineering 


report are on file with the ADEQ. — 


Upon cessation of mining operations, the operator shall implement the closure plan as referenced in the 
approved Plan of Operations, on file with the Anzona Department of Environmental Quality. In the event 
that a geologic formation continues to produce water during the operational life of the mine, such 
formation shall be isolated from the lower geologic unit by the installation of a clay plug, a 40% clay / 


60% crushed shale plug or a bentonite plug in the main shaft, the air shaft and the monitoring well. 


ACTION TAKEN: 


At the cessation of mining operations, the operator implemented the closure plan as referenced 
in the approved Plan of Operations. The individual requirements listed in the Plan of Operations 


are identified and discussed below under VII. "Measures to Reclaim at the End of the 


Operations". 


At the time of shaft closure, water in-flow was occurring from the Toroweap Formation mining 


zone, down the incline and into the production shaft at a rate estimated to be 7 - 13 gallons per 


minute (gpm). As discussed, the objective of the closure plan was to isolate the flow from this 
zone and the flow from the Coconino Sandstone Formation, which underlies the Toroweap 
Formation mining zone. The flow, from these two areas, was isolated from the lower geologic 


units in the following manner: 


1) A 5-foot thick bentonite clay cap was placed on top of the backfill material in 
the shaft at the 3,912 foot elevation (974 foot depth) from the shaft collar. 


2) A 2-foot thick bentonite clay cap placed on top of a 3-foot steel reinforced 
concrete plug, keyed into the wall rock at the top of the raise on the 3920 mine 
level. 

3) A 5-foot bentonite clay cap was placed on top of a 6-foot thick concrete plug in 


the ventilation shaft at approximately the 3930 foot level. 

4) The production shaft, the ventilation shaft and portions of the shaft station at 
the 3920 level were backfilled to the 3983 foot elevation with Moenkopi derived 
soil ("native clay"), obtained from surface excavations. 


5) A 5-foot thick bentonite clay cap was placed on top of the native clay material. 


A comprehensive engineering report including a cross section that depicts the above referenced 


shaft closure technique, prepared by Behre Dolbear, is on file with the ADEQ. 


HERMIT MINE PLAN OF OPERATIONS 


Vil. 


MEASURES TO RECLAIM AT THE END OF THE OPERATIONS 


At the conclusion of mining activities, EFN will disassemble and remove the hoist/shop building and bury 
all concrete footings and concrete slab materials within the mine yard or backfill the material into the 
shaft. All facilities, materials, supplies and equipment will be removed. Low grade material will be 
removed from the site or backfilled into the mine shaft. The shaft entrance will be sealed to prevent entry 
by unauthorized members of the public, and the entire Area of Operations will be fully reclaimed as 


shown on Plate 4. Specifically, the following reclamation activities will be implemented at the end of 


mining activities: 


(1) 


(2) 


(3) 


After the removal of all equipment, the shaft will be sealed in a manner approved by the 


appropriate regulatory agencies. 


Action Taken: 


All mining equipment, pumps, pipe, etc, was removed from the mine. Following 
equipment removal, the shaft was sealed as specified in the Behre Dolbear report which 


is on file with the ADEQ. 


All portions of the Area of Operations not previously reclaimed will be re-contoured and re- 


topsoiled. All remaining topsoil will be spread over the Area of Operations and contoured. 


Action Taken: 


All portions of the Area of Operations not previously reclaimed were re-contoured and 
re-topsoiled with the exception of a small area located where the Hermit Mine surface 
containment pond was located. Provided the Land Manager (BLM) authorizes this area 
for the borrowing of material to be used for reclamation of the nearby Kanab North 
Mine site in the future, and to provide a suitable stock tank for the cattle ranch 
permittee, [USA will defer reclamation of the excluded area at this time. However, if the 
Land Manager does not agree to authorize [USA to utilize this area for borrow material 


at a later date and to build a stock tank, this area will be reclaimed according to the Plan 


of Operations. 


All ground surface which has been disturbed will be drill seeded using a seed mixture approved 
by the BLM prior to application. 


Action Taken: 
All ground surface area which had been disturbed, was drill seeded using the following 


seed mixture as specified in the Decision Record for the Hermit Uranium Mine, approved 


June 8, 1987: 


Fourwing saltbush 2.0 Ib./acre 
Indian ricegrass 2.0 Ib./acre 
Sand dropseed 0.5 Ib./acre 
Yellow sweet clover 0.5 Ib./acre 


(4) 


(5) 


Pubescent Wheatgrass 2.0 Ib./acre 
Russian Wildrye 2.0 Ib./acre 
TOTAL 9.0 Ib./acre 


The Area of Operations will be radiometrically surveyed and any material found which exceeds 


acceptable radiation standards will be either buried in the mine workings or removed from the 


site. 


Action Taken: 


Soils within the disturbed area, upon completion of earthwork and recontouring, 
were sampled and evaluated for radiological conditions. A natural radiometric 
background of 10 - 15 micro R/hour in gamma emanation occurs throughout non- 
anomalous areas of the Arizona Strip District. A 150 micro R/hour gamma 
emanation level was achieved on the site during reclamation. This level is 
considered a satisfactory target when working in areas where there is anomalous 
mineralization. During reclamation/earthwork, a sample grid was established on 
50-foot spacings to verify soil condition. Areas that demonstrated gamma 
scintillometer readings exceeding 150 micro R/hour were excavated and that 
material was shipped to the White Mesa Uranium Mill located near Blanding, Utah, 


and processed. A copy of the reclamation radiometric survey map will be forwarded 


under separate cover. 


The diversion channels built at the start of the Project will be kept in place so as to divert 
surface run-off around the area of reseeding until revegetation has been adequately established. 


Thereafter, if requested by the BLM, these channels will be re-contoured and seeded. 


Action Taken: 


This site lies in a broad, very gentle sloping depression, approximately 1 mile in diameter 
and only minor surface drainage passes through the area. During heavy rainfall storm 
events (100 year), the majority of water is absorbed in the soil, or contained within 
several shallow depressions within the regional (1 mile diameter) depression. Therefore, 
during site reclamation the diversion channels were graded to meet the surrounding 


natural land topography and seeded according to the Land Manager (BLM) 


requirements. 


(6) 


(7) 


(8) 


Sediments accumulated in the holding pond, if any, will be scalped from the pond and either 


hauled from the Project Area or disposed of underground in the mined out workings. 


Action Taken: 


During reclamation of the water holding pond, accumulated sediment was scalped and 
loaded onto trucks which delivered the same to the White Mesa Uranium Mill, located 


near Blanding, Utah; the material (sediment) was thereafter sent to process for uranium 


recovery. 


The potential usefulness of the water well will be evaluated as part of final site reclamation. If 


there is no other use for the well, it will be sealed and abandoned. 


Action Taken: 


During the Post-Mining Monitoring Period the monitoring well will be maintained in 
compliance with GWPP # G-0035-08 stipulations while also providing water to the cattle 
ranch permittee. Upon conclusion of the Post-Mining Monitoring Period, the water well 
will be sealed or conveyed to the Land Manager (BLM) for continued use by the cattle 


ranch permittee. 


If the well is sealed, it will be sealed in the following manner: Unless otherwise 
modified by the Land Manager (BLM), the Hermit Mine water supply well 
abandonment (plugging) will be conducted according to Arizona Administrative 
Code Article 8, Section R-12-15-816. After the notice of intent to abandon the 
well is authorized, a full column of Portland cement grout will be pumped into the 
well to an elevation 20 feet below the land surface; the remaining open hole will 
be filled with soil. Work will be overseen by an Arizona State licensed well 
driller. The water storage tank and pump equipment will be removed from the 


site. Also, the well collar concrete foundation will be disposed at an authorized 


solid waste landfill site. 


The access road used for site access and haulage will be fully reclaimed unless the BLM 


requests that it be left in place as part of the regional road system under the jurisdiction of the 
BLM. 


The Land Manager (BLM) advised IUSA that the site access and haulage road (1 mile 


in length) is to be left in place, providing access to the cattle ranch permittee corral 


facility. 


3. Following the expiration date of this permit, the permittee shall continue monitoring listed in Part II.B.1.c. 
on a quarterly basis. In the event that a Maximum Groundwater Limit as described in Part II.B.2.b. is 
t confirmed to be exceeded, the permittee shall immediately notify the Department and, within 30 days of 


such a violation, submit a plan to mitigate the effects of the violation. 


gee” 


Part ILB. lc Phase III - Post-Mining 


The purpose of monitoring during the post-mining phase is to determine the effectiveness of the closure 


activities. 


CAGE RAAT SEITE 


The operator shall continue to monitor the water sampling/monitoring well, Division of Water Resources 
Well Registry No. 55-51877 semiannually during a minimum period of fifteen (15) years for the 
parameters in Part II.B.2.b. The Maximum Groundwater Limits shall be those calculated for Phase II 


(mining) groundwater monitoring. 


Based on discussions during the November 10, 1998 meeting between the ADEQ and IUSA, the 
on going monitoring during the post-mining phase can possibly be reduced or terminated 
completely. The monitor well has been monitored on a semi-annual basis for the past 8 years, 
without significant variations in the constituent values being observed. The monitoring period 
exceeds what is considered an acceptable time requirements of 12-quarters to establish baseline 
water quality. Therefore, after ADEQ's acceptance of the closure for the Hermit Mine, IUSA will 


prepare a formal request for review of the post-mining monitoring program frequency, for 


possible termination of further monitoring requirements. 


4. In the event of abandonment, the septic tank shall have the sewage removed therefrom and be completely 
filled with earth, sand, gravel, or concrete. The top cover over the septic tank shall be removed before 


filling and the filling shall extend to the level of the top of the ground. 


Action Taken: 


During mine site reclamation, sewage from the septic tank was pumped out and _ properly 
disposed by a local contractor. Prior to backfilling the septic tank, the cover was removed and 
the tank was filled with broken concrete, dirt and native rock, thereafter the excavation was back 


filled flush with the surrounding ground surface. 


LEAR 


CERTIFICATION 


I certify under penalty of law that I have personally examined and am familiar with the 
information submitted in this application and all attachments and that based on my 
inquiry of those persons immediately responsible for obtaining the information contained 
in the application, I believe that the information is true, accurate and complete. I am 
aware that there are significant penalties for submitting false information, including the 
possibility of fine and imprisonment. 


NAME AND OFFICIAL TITLE: Earl E. Hoellen, President 
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The Department shall be notified in writing at least one hundred and eighty (180) days prior to closure 


or abandonment of the facility. The operator shall submit and have approved an updated Post-closure 


Plan prior to this time. 
ACTION TAKEN: 


On February 19, 1990, Energy Fuels Nuclear, Inc., predecessor to International Uranium (USA) 
Corporation (USA), submitted a letter to Mr. Gary Ullinskey and Ms. Abigail Myers of the 
Arizona Department of Environmental Quality (ADEQ), Water Permits Unit, notifying the 
ADEQ of the closure and abandonment of the Hermit Mine. A comprchensive engineering 
report, prepared by Behre Dolbear & Company ("Behre Dolbear"), outlining the proposed 
closure plan, accompanied the letter of notification. A copy of the letter and the engineering 


report are on file with the ADEQ. , 


Upon cessation of mining operations, the operator shall implement the closure plan as referenced in the 
approved Plan of Operations, on file with the Anzona Department of Environmental Quality. In the event 
that a geologic formation continues to produce water during the operational life of the mine, such 
formation shall be isolated from the lower geologic unit by the installation of a clay plug, a 40% clay / 


60% crushed shale plug or a bentonite plug in the main shaft, the air shaft and the monitoring well. 


ACTION TAKEN: 


At the cessation of mining operations, the operator implemented the closure plan as referenced 
in the approved Plan of Operations. The individual requirements listed in the Plan of Operations 


are identified and discussed below under VII. "Measures to Reclaim at the End of the 


Operations". 


At the time of shaft closure, water in-flow was occurring from the Toroweap Formation mining 


zone, down the incline and into the production shaft at a rate estimated to be 7 - 13 gallons per 


minute (gpm). As discussed, the objective of the closure plan was to isolate the flow from this 
zone and the flow from the Coconino Sandstone Formation, which underlies the Toroweap 


Formation mining zone. The flow, from these two areas, was isolated from the lower geologic 


units in the following manner: 


1) A 5-foot thick bentonite clay cap was placed on top of the backfill material in 


the shaft at the 3,912 foot elevation (974 foot depth) from the shaft collar. 


2) A 2-foot thick bentonite clay cap placed on top of a 3-foot steel reinforced 


concrete plug, keyed into the wall rock at the top of the raise on the 3920 mine 


level. 


3) A 5-foot bentonite clay cap was placed on top of a 6-foot thick concrete plug in 


the ventilation shaft at approximately the 3930 foot level. 

4) The production shaft, the ventilation shaft and portions of the shaft station at 
the 3920 level were baclfilled to the 3983 foot elevation with Moenkopi derived 
soil ("native clay"), obtained from surface excavations. 


5) A 5-foot thick bentonite clay cap was placed on top of the native clay material. 


A comprehensive engineering report including a cross section that depicts the above referenced 


shaft closure technique, prepared by Behre Dolbear, is on file with the ADEQ. 


HERMIT MINE PLAN OF OPERATIONS 


Vil. 


MEASURES TO RECLAIM AT THE END OF THE OPERATIONS 


At the conclusion of mining activities, EFN will disassemble and remove the hoist/shop building and bury 
all concrete footings and concrete slab materials within the mine yard or backfill the material into the 
shaft. All facilities, materials, supplies and equipment will be removed. Low grade material will be 
removed trom the site or backfilled into the mine shaft. The shaft entrance will be sealed to prevent entry 
by unauthorized members of the public, and the entire Area of Operations will be fully reclaimed as 


shown on Plate 4. Specifically, the following reclamation activities will be implemented at the end of 


mining activities: 


(1) 


(2) 


(3) 


After the removal of all equipment, the shaft will be sealed in a manner approved by the 


appropriate regulatory agencies. 
Action Taken: 


All mining equipment, pumps, pipe, etc, was removed from the mine. Following 
equipment removal, the shaft was sealed as specified in the Behre Dolbear report which 


is on file with the ADEQ. 


All portions of the Area of Operations not previously reclaimed will be re-contoured and re- 


topsoiled. All remaining topsoil will be spread over the Area of Operations and contoured. 


All portions of the Area of Operations not previously reclaimed were re-contoured and 
re-topsoiled with the exception of a small area located where the Hermit Mine surface 
containment pond was located. Provided the Land Manager (BLM) authorizes this area 
for the borrowing of material to be used for reclamation of the nearby Kanab North 
Mine site in the future, and to provide a suitable stock tank for the cattle ranch 
permittee, [USA will defer reclamation of the excluded area at this time. However, if the 
Land Manager does not agree to authorize [USA to utilize this area for borrow material 


at a later date and to build a stock tank, this area will be reclaimed according to the Plan 


of Operations. 


All ground surface which has been disturbed will be drill seeded using a seed mixture approved 
by the BLM prior to application. 


Action Taken: 
All ground surface area which had been disturbed, was drill seeded using the following 


seed mixture as specified in the Decision Record for the Hermit Uranium Mine, approved 


June 8, 1987: 


Fourwing saltbush 2.0 Ib./acre 
Indian ricegrass 2.0 Ib./acre 
Sand dropseed 0.5 Ib./acre 
Yellow sweet clover 0.5 Ib./acre 


Se] 


(4) 


(5) 


Pubescent Wheatgrass 2.0 Ib./acre 
Russian Wildrye 2.0 Ib./acre 
TOTAL 9.0 Ib./acre 


The Area of Operations will be radiometrically surveyed and any material found which exceeds 


acceptable radiation standards will be either buried in the mine workings or removed from the 


site. 


Soils within the disturbed area, upon completion of earthwork and recontouring, 
were sampled and evaluated for radiological conditions. A natural radiometric 
background of 10 - 15 micro R/hour in gamma emanation occurs throughout non- 
anomalous areas of the Arizona Strip District. A 150 micro R/hour gamma 
emanation level was achieved on the site during reclamation. This level is 
considered a satisfactory target when working in areas where there is anomalous 
mineralization. During reclamation/earthwork, a sample grid was established on 
50-foot spacings to verify soil condition. Areas that demonstrated gamma 
scintillometer readings exceeding 150 micro R/hour were excavated and that 
material was shipped to the White Mesa Uranium Mill located near Blanding, Utah, 


and processed. A copy of the reclamation radiometric survey map will be forwarded 


under separate cover. 


The diversion channels built at the start of the Project will be kept in place so as to divert 
surface run-off around the area of reseeding until revegetation has been adequately established. 


Thereafter, if requested by the BLM, these channels will be re-contoured and seeded. 


Action Taken: 


This site lies in a broad, very gentle sloping depression, approximately 1 mile in diameter 
and only minor surface drainage passes through the area. During heavy rainfall storm 
events (100 year), the majority of water is absorbed in the soil, or contained within 
several shallow depressions within the regional (1 mile diameter) depression. Therefore, 
during site reclamation the diversion channels were graded to meet the surrounding 


natural land topography and seeded according to the Land Manager (BLM) 


requirements. 


ee | 


(6) 


(7) 


(8) 


Sediments accumulated in the holding pond, if any, will be scalped from the pond and either 


hauled from the Project Area or disposed of underground in the mined out workings. 


Action Taken: 


The potential usefulness of the water well will be evaluated as part of final site reclamation. If 


there is no other use for the well, it will be sealed and abandoned. 


Action Taken: 


During the Post-Mining Monitoring Period the monitoring well will be maintained in 
compliance with GWPP # G-0035-08 stipulations while also providing water to the cattle 
ranch permittee. Upon conclusion of the Post-Mining Monitoring Period, the water well 
will be sealed or conveyed to the Land Manager (BLM) for continued use by the cattle 


ranch permittee. 


If the well is sealed, it will be sealed in the following manner: Unless otherwise 
modified by the Land Manager (BLM), the Hermit Mine water supply well 
abandonment (plugging) will be conducted according to Arizona Administrative 
Code Article 8, Section R-12-15-816. After the notice of intent to abandon the 
well is authorized, a full column of Portland cement grout will be pumped into the 
well to an elevation 20 feet below the land surface; the remaining open hole will 
be filled with soil. Work will be overseen by an Arizona State licensed well 
driller. The water storage tank and pump equipment will be removed from the 


site. Also, the well collar concrete foundation will be disposed at an authorized 


solid waste landfill site. 


The access road used for site access and haulage will be fully reclaimed unless the BLM 


requests that it be left in place as part of the regional road system under the jurisdiction of the 
BLM. 


Action Taken: 


The Land Manager (BLM) advised IUSA that the site access and haulage road (1 mile 


in length) is to be left in place, providing access to the cattle ranch permittee corral 


facility. 


Following the expiration date of this permit, the permittee shall continue monitoring listed in Part II.B.1.c. 
on a quarterly basis. In the event that a Maximum Groundwater Limit as described in Part II.B.2.b. is 
confirmed to be exceeded, the permittee shall immediately notify the Department and, within 30 days of 


such a violation, submit a plan to mitigate the etfects of the violation. 
Part ILB. |.c Phase III - Post-Mining 


The purpose of monitoring during the post-mining phase is to determine the effectiveness of the closure 


activities. 


The operator shall continue to monitor the water sampling/monitoring well, Division of Water Resources 
Well Registry No. 55-51877 semiannually during a minimum period of fifteen (15) years for the 
parameters in Part II.B.2.b. The Maximum Groundwater Limits shall be those calculated for Phase II 


(mining) groundwater monitoring. 
Action Taken: 


Based on discussions during the November 10, 1998 meeting between the ADEQ and IUSA, the 
on going monitoring during the post-mining phase can possibly be reduced or terminated 
completely. The monitor well has been monitored on a semi-annual basis for the past 8 years, 
without significant variations in the constituent values being observed. The monitoring period 
exceeds what is considered an acceptable time requirements of 12-quarters to establish baseline 
water quality. Therefore, after ADEQ's acceptance of the closure for the Hermit Mine, TUSA will 


prepare a formal request for review of the post-mining monitoring program frequency, for 


possible termination of further monitoring requirements. 


In the event of abandonment, the septic tank shall have the sewage removed therefrom and be completely 


filled with earth, sand, gravel, or concrete. The top cover over the septic tank shall be removed before 


filling and the filling shall extend to the level of the top of the ground. 


hie ie 


Action Taken: 


During mine site reclamation, sewage from the septic tank was pumped out and properly 
disposed by a local contractor. Prior to backfilling the septic tank, the cover was removed and 
the tank was filled with broken concrete, dirt and native rock, thereafter the excavation was back 


filled flush with the surrounding ground surface. 


oo 


CERTIFICATION 


I certify under penalty of law that I have personally examined and am familiar with the 
information submitted in this application and all attachments and that based on my 
inquiry of those persons immediately responsible for obtaining the information contained 
in the application, I believe that the information is true, accurate and complete. I am 
aware that there are significant penalties for submitting false information, including the 
possibility of fine and imprisonment. 


NAME AND OFFICIAL TITLE: Earl E. Hoellen, President 
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United States Department of the Interior 


3800 (015) 
BUREAU OF LAND MANAGEMENT 
ARIZONA STRIP DISTRICT OFFICE 
196 E. Tabernacle St. 
St. George, Utah 84770 
APR 7 1987 


We are pleased to send you the enclosed DRAFT Environmental Assessment (DEA) 
for the Hermit Mine Proposal. This DEA was written in response to a 
Plan-of-Operations submitted by Energy Fuels Nuclear, Inc, (EFN) on March 9, 
1987. In addition to the proposal, the DEA evaluates several alternatives 
that propose various modifications to the Plan, including the No Action 
Alternative. 


In preparing the DEA, outside consultants were used to assess the existing 
environment and the anticipated environmental impacts to Air Quality, 
Radiation, Ground Water and Surface Hydrology. While we have attempted to 
summarize these studies in the DEA, for the readers convenience, these studies 
are available on a limited basis at the Arizona Strip District Office 

(phone: (801) 673-3545). 


A response, preferrably in writing, on the DEA will be required in order for 
" you to remain on our active minerals mailing list. Comments are due by 


May 7, 1987 in order for them to be incorporated into the Final Environmental 
Assessment. The Bureau will target June 7, 1987 for making a decision on the 
proposal. If you wish to be notified about the decision, please make that 
request with your submission. 


"HERMIT" 

Arizona Strip District 
Bureau of Land Management 
196 East Tabernacle 
St. George, UT 84770 


, 


Sincerely, 


G. William Lamb 
District Manager 


Enclosure 


IN REPLY REFER TO: 


HERMIT PROJECT 


EA No. AZ-010-87-013 


A Major Modification to the Hunt Project 
Plan of Operations for Uranium Ore Extraction 
AS-010-82-24P /Amended, The Hermit Mine 


April 7, 1987 
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EA No. AZ-010-87-013 
ENVIRONMENTAL ASSESSMENT 


A Major Modification to the Hunt Project 
Plan of Operations for Uranium Ore Extraction 
AS-010-82-24P/Amended, The Hermit Mine 


INTRODUCT ION 


Energy Fuels Nuclear, Inc. (EFN) has submitted a major modification to 
the Hunt Properties (Site No. 77), 82-24P(A), an existing Exploration 
Plan of Operations. The purpose of the modification is to allow EFN to 
expand the nature and duration of its presently authorized activities to 
include ore extraction activities pursuant to 43 CFR, 3809 regulations 
and BLM 3809 Manual. 


The existing exploration plan was submitted on May 17, 1982 and included 
a moderately intensive geochemical soil sampling program. The plan was 
subsequently approved after a review during which the BLM prepared a 
Decision Record based on an Environmental Analysis to determine 
site-specific impacts, reasonable alternatives and appropriate 
mitigation to limit conflicts and prevent undue or unnecessary 
degradation (June 23, 1982). Three separate minor addendums (7/23/82, 
7/29/85 and 8/12/85) were submitted to pursue more strategic drilling. 


Until a decision is made on this proposal, all work conducted must be in 
accord with the approved plan of operations. If the modification is 
approved, the existing plan of operations will be superceded in all 
respects. 


To date, approximately 40 holes have been drilled, the majority of which 
are shallow soil samples. Minor road maintenance of the existing road 
has been allowed. No new permanent access has been constructed. There 
are approximately 3 acres of disturbance within an approximate 10-acre 
area. 


PURPOSE AND SCOPE OF ENVIRONMENTAL ASSESSMENT 


Pursuant to the Code of Federal Regulations (CFR), 43, Subpart 3809 
(Surface Management), the Federal Land Policy and Management Act (FLPMA) 


» and National Environmental Policy Act (NEPA), the purpose of this 


Environmental Assessment (EA) is to evalutate if the proposed action can 
take place in a manner that will prevent unnecessary or undue 
degradation and provide protection of non-mineral resources on federal 
lands. 


The EA will include within its scope an evaluation of the proposed plan 
of operations to determine if it will be implemented so as to prevent 
undue and necessary degradation; while providing for reasonable 
reclaimation and reasonable protection of the non-mineral resources on 
Federal lands. _— 


Ht, 


This E.A. is also the vehicle the Bureau will use to determine if there 
is a potential for significant adverse environment impacts and if so, if 
an Environmental Impact Statement is warranted. 


This EA will also be used to assess the potential environmental impacts 
of the proposed modification and to identify if feasible or reasonable 
alternatives exist to reduce those impacts. In addition the EA will be 
used to assess mitigating measures that could be proposed to further 
prevent undue and unnecessary degradation pursuant to 43 CFR 3809, FLPMA 
and BLM 3809 Surface Management Manual. 


PROPOSED ACTION AND ALTERNATIVES CONSIDERED 


A. Proposed Action - General 


Operator: Energy Fuels Nuclear, Inc. 
One Tabor Center, Suite 2500 
1200 Seventeenth Street 
Denver, CO 80202 


Claimant: Energy Fuels, Ltd. 
(Same Address) 


Claim Name: Hunt 533-537 
BLM No.: AMC 150856-150861 


Local Office: Energy Fuels Nuclear, Inc. 
P., 0. Box 36 
Fredonia, AZ 86022 


Location: T38N, R4W, Sec. 17, SW, G&SRM (see Figures 1, 
lb & 2) 


The development and mining of the Hermit deposit will be conducted 
in two phases. The first phase will involve initial site 
preparation and shaft sinking activities, followed by underground 
evaluation, development and production during which ore recovery 
will occur. 


Initial underground evaluations will be conducted by sinking a 
shaft approximately 1,100 feet below the surface adjacent to the 
deposit and then extending horizontally into the ore body. Once 
access to the ore body has been established in Phase I, extensive 
underground drilling and sampling will be done to more fully define 
the extent and mining grade of the deposit. 
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5 FIGURE 2 


During the site preparation and shaft sinking phase, surface 
facilities will be limited to those necessary to facilitate shaft 
sinking activities. Because of the proximity of the project area 
to an existing powerline, this phase of activities will be 
supported by permanent electric power. During initial site 
preparation and shaft sinking activities, no uranium ore will be 
encountered. In addition, until completion of the underground 
evaluation and development activities, it is anticipated that ore 
production will not exceed a few thousand tons, an amount 
sufficient for complete bulk sampling of the ore body. Moreover, 
it is not anticipated that any uranium ore will be encountered 
until sometime during the second year of activities at the Project 
Area. Prior to this time, site preparation activities on the 
surface and shaft sinking activities will not involve the movement 
or storage of uranium ore on the surface. During the first phase, 
EFN proposes to add 1.2 miles of new access road. 


Once significant ore production activities begin in the second 
phase of activities, approximately three years after site 
preparation activities begin, the surface facilities will be 
expanded as necessary to complete underground development of the 
ore body and the full mining and extraction of the mineral 
reserves. During this development and mining phase, further 
upgrading of the new access road is planned so ore haulage can be 
safely undertaken. 


As a uranium producer, EFN is currently engaged in various phases 
of site preparation, shaft sinking, underground development, mining 
or reclamation activities at five mines north of the Grand Canyon. 
(see Figure 1b). It has recently closed or is in the final stages 
of mining at the three Hack Canyon Mines (8 miles south of the 
Hermit Project). Site reclamation activities at the three mines 
will begin during the second quarter of 1987. 


At the Pigeon Mine (12.5 miles northeast of the Hermit Mine), site 
preparation and shaft sinking began in 1982, with underground 
drilling, evaluation and development activities continuing until 
mid-1984 when full mining began. Mining activities at the Pigeon 
Mine are expected to continue until 1990 (the time when commercial 
ore production at the Hermit project is expected to commence) when 
site reclamation will commence. 


At the Kanab North Mine (6 miles east of the Hermit Mine) site 
preparation and shaft sinking activities did not begin until 1985. 
At the present time, EFN has completed its shaft sinking activities 
at the Kanab North Mine, and is proceeding with its underground 
drilling, evaluation and development work. Significant ore 
production from Kanab North is not expected until 1988 or 1989. 
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Finally, site preparation and shaft sinking activities at the 
Pinenut Mine (13.25 miles south of Hermit Mine ) began in 
mid-1986. At present, site preparation for the first phase of 
activities has been completed and shaft sinking activities have 
just begun. Significant ore production from the Pinenut Mine is 
not expected until 1989 or 1990. 


It is apparent from the description of the status of activities at 
other locations where EFN is operating that by the time Hermit Mine 
is sufficiently developed to enable EFN to produce significant 
quantities of ore from the project, ore production from the 3 Hacks 
Canyon Mines and Pigeon Mine will have been completed. 


Access to the project area from Fredonia, Arizona is achieved by 
traveling southwest on State Highway 389 eight miles to Mt. 
Trumbull] Road. After proceeding 11 miles south. on Mt. Trumbull 
Road, a southeast side road is taken 1.2 miles to the project area. 


Proposed Action - Specifics 
PLANNED OPERATIONS: 


During the next several years, EFN plans to develop and mine the 
uranium deposit located in the project area by underground mining 
methods in two distinct phases of operations. 


Based upon its experience with similar deposits, EFN expects its 
site preparation, shaft sinking, underground drilling and develop- 
ment, and mining and reclamation activities to be completed in 
approximately ten (10) years. Access to the deposit will be by a 
conventional, two and one-half compartment, vertical shaft located 
immediately southwest of the deposit. The shaft will be excavated 
to a. depth of approximately 1,100 feet below the surface. As the 
vertical shaft is sunk, horizontal workings will be driven at 
various levels toward the deposit. Thereafter, two to four 
underground drilling chambers will be excavated in or near the 
deposit. From these chambers, underground drilling will be under- 
taken to further define the full extent of the deposit. Portions 
of the workings within the deposit and the underground drilling 
will provide EFN with’ adequate information to determine the most 
efficient mining sequence to ensure maximum recovery of the mineral 
reserve. The proposed shaft location, surface facilities, shaft 
and waste rock disposal area are identified on Figures 3 & 4. 


During site preparation, shaft sinking and underground drilling and 
evaluation, employment will range from 12 to 22 personnel. Shaft 
sinking generally is conducted on a three-shift, seven day per week 
schedule. A two-shift, five day per week schedule is probable 
during underground drilling and development activities. During 
this initial phase, a majority of the employees will be skilled 
shaft A ay 
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miners, transferred from nearby mines presently operated by EFN or 
contractors hired locally. Little or no influx of new personnel to 
the area is expected. 


Once the initial underground drilling program has satisfactorily 
confirmed the full extent and dimensions of the ore deposit, 
horizontal workings will then be driven from the lowest portion of 
the shaft, beneath the deposit to a point just outside the farthest 
extent of the ore reserve. From this point, an eight-foot 
diameter, vertical ventilation shaft will be upreamed to the 
surface utilizing a pilot hole to intersect the lowest workings. 
This second (ventilation) shaft will exhaust air, thereby creating 
adequate airflow through- out the mine workings, and, in addition, 
providing a second exit or escapeway from the mine in the event of 
an emergency. 


Raise or incline workings within the mine will connect the various 
levels within or very near the deposit. At various elevations from 
these levels, sublevel workings will be driven to extract ore from 
the deposit. The broken ore will be dropped down raises, designed 
for such use, to drawpoints on the lowest level. The ore will then 
be hauled to the shaft, at which point it will be transferred to 
skips in the shaft and hoisted to the surface. Barren waste rock 
generated during shaft sinking, development and mining will be 
removed and disposed of on the surface in the waste disposal areas, 
to the extent that such material cannot be utilized for road 
maintenance or construction of the mine yard. Ore will be stock- 
piled on the surface near the shaft until shipment to the Blanding 
mill takes place. 


After development work is completed (approximately three years 
after start-up), the mine will be operated at an average production 
rate. of 300 tons per day for approximately five years. It is hoped 
that planned underground drilling will increase the tonnage to be 
mined and, consequently, extend the operation's life by a few 
years. However, experience to date at other operations suggests 
that a production phase significantly longer than five (5) years is 
unlikely. 


Employment during the first few years of underground development 
will range from 15 to 30 personnel. As production capacity grows, 
employment could reach approximately 40 personnel at the 300 ton- 
per-day rate, working two shifts per day.- 


Most employees are expected to be drawn from existing residents of 
the area. Moreover, it is hoped that the work force will consist 
of employees currently working at the Hack Canyon and Pigeon 
Mines. Since these mines will have ceased operations by the time 
the production phase of the Hermit Project begins, EFN would plan 
appropriate transfers, if timing permits. EFN will provide and 
Operate buses to transport’employees to and from the Project Area. 
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Driving of individual vehicles is discouraged. Management and 
technical staff support will be based at tne Fredonia Mine 
Operations office. 


AREAS TO BE DISTURBED: 


There are two specific areas that will be temporarily used or 
disturbed during the project life: (1) the Area of Operations with 
surface plant and rock disposal area (23.6 acres); and (2) 1.2 
miles of access road (5.0 acres). The Area of Operations where al] 
activities will take place, together with planned surface 
facilities, are shown on Figures 3 & 4. In designing the Plan of 
Operations, EFN has minimized the size of the Area of Operations as 
much as practicable to ensure adequate working area while 
minimizing disturbance. The locations of the shafts, office, hoist 
house, main building, waste rock storage area and ore stockpiles 
will all be generally located during each phase as shown on Figures 
3 & 4. Of course, further engineering and unexpected problems 
encountered during construction could cause the actual layout to 
differ in minor detail from that shown on Figures 3 & 4, In any 
event, the surface impacts from the proposed operations will be 
unaffected by any necessary minor relocations within the Area of 
Operations. 


During the first two to three years of the Project or during the 
underground evaluation phase, only the eastern half or 15-acre 
portion of the Area of Operations will be utilized. This initial 
yard is within the larger 23.6-acre Area of Operations to be 
occupied during the production phase. During the underground 
evaluation phase, only the shaft and sinking hoist area will be 
graded to a final yard elevation. 


A water source of a few gallons per minute is needed for under- 
ground drilling and sanitation during the first phase of 
activities. Consequently, a water well will be drilled on the 
southwest edge of the Area of Operations to a depth of 2,000 to 
2,500 feet. Tankage to hold water will be located near the site of 
the water well. In the area shown on Figure 4 at least two house 
trailers will be located during phase one which will serve as 
temporary lodging for the mine staff and a security guard as may be 
needed during phase one. No full-time resident other than a 
security guard is proposed. 


Prior to construction of the mine yard, available topsoil from the 
initial areas to be disturbed will be removed and stored at the 
eastern edge of the Area of Operations (see Figure 3). 


In addition, during phase two a second topsoil storage area will be 


created at the western edge of the Area of Operations (see Figure 
4). These locations will assure that topsoil will not be disturbed 
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during mining activities. In addition, after construction of the 
water diversion facilities discussed below, the topsoil stockpiles 
will be protected from erosion due to surface runoff. The size and 
dimensions of the topsoil stockpiles will increase at the beginning 
of the production phase when additional topsoil is removed and 
stored prior to construction of the final mine yard. 


During phase one, EFN proposes to relocate approximately 1.2 miles 
of access road as shown on Figure 3 so that access to the Project 
Area of equipment and personnel can be achieved with safety and 
minimal environmental impact. In order to avoid the addition of 
1.2 miles of new roads to the BLM system, EFN proposes to reclaim 
fully the existing access road to the Project Area to BLM standards 
during phase one of activities, provided that such reclamation is 
acceptable to the BLM. In addition, upon completion of mining 
activities at the Project Area, the relocated access road would 
also be fully reclaimed unless the BLM requests that such access 
road be left intact as part of the BLM system. 


During the first phase of activities, a temporary hoist to excavate 
the shaft will be located approximately 125 feet southeast of the 
shaft. A building will surround the temporary sinking hoist. The 
necessary air compressors, semi-trailers for shop, warehousing, 
office and showers will be located to the southeast of the 
temporary hoist building. Immediately south of the shaft, a septic 
field will be located to handle sewage from the showers and 
trailers located with the Area of Operations. 


During initial development activities at the beginning of phase two 
only minimal ore is expected to be generated incidental to the 
underground evaluation and development activities. Specifically, 
EFN estimates that no more than a few thousand tons of ore will be 
generated during the underground evaluation and development phase 
of activities. This material will be stored at the location shown 
on Figure 4 until shipped to the Blanding mill for bulk sampling 
and amenability testing. 


In order to ensure that no surface runoff from outside of the Area 
of Operations is allowed to enter, EFN will construct water 
diversion facilities on both the east, south and west perimeters of 
the Area of Operations as shown on Figures 3 & 4. Prior to the 
design of these surface water diversion facilities, it was 
necessary for EFN to analyze the watersheds involved and the 
potential of the area to experience severe storm events. Conse- 
quently, EFN retained the services of Dames & Moore, consulting 
hydrologists, to evaluate the surface runoff issues and to advise 
EFN regarding proper design, location and capacities for the 
diversion facilities. The surface water diversion facilities which 
EFN will construct will conform with the recommendations of Dames & 
Moore and will ensure that these facilities are capable of 
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diverting around the areas of disturbance the surface runoff 
resulting from at least a 100-year storm event. Importantly, this 
significant margin of safety will be achieved while making maximum 
use of the existing natural channels existing in the Project Area. 
The planned diversion facilities will be constructed during the 
first phase of activities and will be maintained throughout the 
life of the Project. 


All rainfall which falls within the Area of Operations will be 
directed to and held in the surface water holding/evaporation pond 
shown in Figures 3 & 4. This pond will be lined with an artificial 
impervious material to insure that leakage does not occur. It 
will be constructed during phase one and will be sized to hold all 
water which may be encountered during mining activities as well as 
the surface drainage within the disturbed areas resulting from a 
100-year 24-hour event. 


After the deposit has been fully evaluated, as part of the next 
phase of activities the nature and extent of the surface facilities 
will be expanded as shown on Figure 4. Moreover, during this phase 
of activities the area of disturbance will be expanded to enable 
the efficient extraction of the ore reserve--including construction 
of ore stockpile areas and an additional topsoil stockpile. 
Finally, as these activities proceed, some additional access road 
upgrading activities will be necessary to accommodate the ore 
haulage needs of the mine--estimated to average 12 truck loads per 
day once full ore production is achieved. 


Of course, prior to beginning the surface expansion activities, 
available topsoil within the additional disturbed areas will be 
collected and stored for use in final reclamation in the identified 
topsoil stockpile area. 


Barren waste rock from excavation of the underground workings will 
either be used to build the relocated access roads, mine yard and 
stockpile areas to the required grade, or any excess will be 
disposed of in the area shown on Figure 4. This waste disposal 
area has the capacity to hold the expected barren waste rock to be 
generated without noticeable change to the original topographic 
appearance. : 


The largest and only major building in the surface plant will be 
the "main building" located as shown on Figure 4. This building 
will house the permanent hoist, air compressors, standby electric: 
generator, shop warehouse and emergency medical facilities. 


South of the main building, various supplies needed during the 
production phase will be stockpiled. Tankage for storage of 
gasoline and diesel fuel will be located as shown in Figures 3 & 4 
in the area to the northeast of the main building. 
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Once the surface facilities needed during the production phase of 
activities have been installed, a six-foot chain link security 
fence with lockable gates will be erected to enclose the Project 
Area as noted on Figure 4. The mine-use area will be posted with 
"No Trespassing" signs. The gates in the security fence will be 
closed and locked during periods of inactivity at the mine site. 


MEASURES TO LIMIT DISTURBANCE: 


This Plan of Operations is designed to minimize disturbances to the 
environment and to provide for complete reclamation of the surface 
after completion of the mining activities to the standards required 
by law. The areas proposed to be disturbed are as compact as 
practicable with surface facilities and stockpile and disposal 
areas clustered together where feasible. 


In the design of this Plan of Operations, EFN recognized that one 
of the important natural environmental issues at the site is proper 
handling of surface water runoff from adjacent watersheds. To 
address this issue, and to insure the integrity of the Area of 
Operations during activities, flood control measures have been 
built into the Plan of Operations consistent with the recommenda- 
tions of an independent surface water hydrologist who evaluated the 
area. As designed, surface water cannot enter the Area of 
Operations from any direction. In addition, rainfall within the 
yard will be retained within the Area of Operations because of its 
internal drainage. In addition, the designed water holding/ 
evaporation pond will be sized with sufficient capacity to retain 
the surface runoff which wouid be expected to fall within the 
disturbed area as a result of a 100-year, 24-hour storm event as 
well as any excess water encountered during mining activities which 
cannot otherwise be utilized in connection with ongoing activities. 


Diversion channels to direct surface runoff around the Area of 
Operations will be constructed as one of the first activities. The 
small watersheds above the Area of Operations, approximately 200 
acres, will flow into the diversion channels rather than into the 
Area of Operations. 


The southwestern portion of the mine yard will be used to stockpile 
ore prior to shipment to the Blanding mill for processing. Prior 
to stock- piling ore grade material in the locations shown on 
Figure 4, EFN will construct an ore pad upon which all ore grade 
material will be stockpiled pending removal from the Project Area. 
Each ore pad will be at least one foot thick and shall be 
constructed utilizing a mixture of limestone and shale produced 
from the underground excavation at the Project Area. Experience at 
other facilities has confirmed that ore pads of this type are 
effective in preventing the movement of any mineral values into the 
soils below the ore pad during periods of ore storage. 
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All material containing more than 0.03% U30g will be tempor- 

arily stockpiled at the location shown on Figure 4. Approximately 
65,000 tons of such low grade material will be produced during 
mining activities. If market prices increase, nearly all of this 
material will be shipped to the Blanding mill for processing before 
the close of mining activities. If any of this low grade material 
remains within the Project Area at the close of activities, prior 
to final reclamation, EFN will haul it from the site or dispose of 
ijt underground in the mined-out workings. 


EFN will construct and maintain the access road from the Project 
Area to the Mt. Trumbull Road in conformance with BLM specifi- 
cations. Ore haulage from the site will be by independent truck 
contractors using 25-ton capacity trucks which comply with Arizona 
Highway Department of Transportation requirements. To prevent loss 
of material from wind erosion and rough roads, each load will be 
covered with a tarpaulin lapping over the side about a foot and 
secured every few feet around the truck bed. In the event of a 
truck accident, EFN will take immediate aggressive action to clean 
up any spilled material. 


MEASURES TO BE TAKEN DURING A PERIOD OF NON-OPERATION: 


EFN intends to operate the Hermit Project until all economic ore 
reserves are exhausted. The federal regulations which require 
submittal of this Plan of Operations call for a statement of 
measures to be taken in the event of an "extended period of non- 
Operation before mining is completed." While there is no defini- 
tive plan for a shutdown before exhaustion of the mineral reserve, 
this occurrence must be regarded as a possibility. 


Two different types of scenarios would occur depending upon the 
anticipated length of non-operation. A short shut-down of a few 
months to a year would require only limited action. In this case, 
a few employees would be kept at the mine site for repair and 
maintenance work and a watchman would reside at the mine site. Al1 
inventory items that may deteriorate in a year's time, such as 
explosives, oil, gas and first-aid supplies, would be used or 
removed from the Project Area. Hardware, such as nuts, nails and 
pipe fittings, would be secured in place. All equipment would be 
checked and most of it stored in the shop building or in the mine 
workings. The limited amount of equipment that could be used at 
other EFN operations would be removed from the site. All stock- 
piles above economic grade would be shipped to a mill for 
processing. There would likely be some stockpile of low grade ore 
which would be maintained at the mine site during a shutdown. 
Ventilation fans, electric lines and transformers would be left in 
place. Steel gates on the mine shaft would be closed and locked. 
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In the event of non-operation for more than a year, a different 
procedure would be followed. Nearly all mobile equipment and a 
portion of the fixed equipment would be removed from the Project 
Area. Fans would be removed and the ventilation shaft capped -with 
perforated steel plates welded in place to allow natural ventil- 
ation but to prevent access to the workings. The buildings, head- 
frame and hoist would be left in place but secured and maintained 
in the same manner as a short term closure. 


MEASURES TO RECLAIM AT THE END OF THE OPERATIONS: 


At the conclusion of mining activities, EFN will disassemble and 
remove the hoist/shop building and bury all concrete footings and 
concrete slab materials within the mine yard or backfill the 
material into the shaft. All facilities, materials, supplies and 
equipment will be removed. Low grade material will be removed from 
the site or backfilled into the mine shaft. The shaft entrance 
will be sealed to prevent entry by unauthorized members of the 
public, and the entire Area of Operations will be fully reclaimed. 
Specifically, the following reclamation activities will be 
implemented at the end of mining activities: 


(1) After the removal of all equipment, the shaft will be sealed 
in a manner approved by the appropriate regulatory agencies. 


(2) All portions of the Area of Operations not previously 
reclaimed will be re-contoured and re-topsoiled. All 
remaining topsoil will be spread over the Area of Operations 
and contoured. 


(3) Sediments accumulated in the holding pond, if any, will be 
scalped from the pond and either hauled from the Project Area 
-or disposed of underground in the mined out workings. 


(4) The Area of Operations will be radiometrically surveyed and 
any material found which exceeds acceptable radiation 
standards will be either buried in the mine workings or 
removed from the site. 


(5) The diversion channels built at the start of the Project will 
be kept in place so as to divert surface runoff around the 
area of reseeding until revegetation has been adequately 
established. Thereafter, if requested by the BLM, these 
channels will be recontoured and seeded. 


(6) All ground surface which has been disturbed will be drill 


seeded using a seed mixture approved by the BLM prior to 
application. 


16 


4 


1 
t 2 


(7) The potential usefulness of the water well will be evaluated 
as part of final site reclamation. If there is no other use 
for the well, it will be sealed and abandoned. 


(8) The access road used for site access and haulage will be fully 
reclaimed unless the BLM requests that it be left in place as 
part of the regional road system under the jurisdiction of the 
BLM. 


PROPOSED RADIOLOGICAL MONITORING PROGRAM: 


The proposed radiological monitoring program involves collection of 
appropriate data before the mine is operational. Additional 
measurements will be made as needed during mine operation and in 
the event of an accidental release of radioactivity to the wash. A 
final survey will be conducted at the time the mine is closed. 

Each part of the monitoring program is described below: 


(1) Preoperational Baseline Information: The preoperational 
baseline data collection program will last one year and will 


involve background measurements of direct gamma radiation, 
radon gas and progeny concentrations, and radioactivity 
concentrations in air and soil. 


Direct gamma radiation measurements are being obtained on a 
quarterly basis by at least two independent monitoring devices 
and at a minimum of 4 locations. Passive thermoluminescent 
dosimeters will provide cumulative dose information. Readings 
from a pressurized ion chamber and/or two micro-R scintillo- 
meters will be recorded whenever the thermoluminescent 
dosimeters are exchanged. The entire Radiological Assessment 
of the Hermit project is located in the Appendix of this 
document. 


Quarterly radon concentration measurements are being made at 
the 4 sites using Terradex alpha track-etch detectors. The 
first measurements are reported in the Appendix. Passive 
radon measurements are also being made at the Pinenut, Pigeon, 
Kanab North and Canyon Mine Sites. Data can be used to 
determine the local variations in radon concentrations and to 
monitor for any cumulative impacts from the increased uranium 
mining activities. 


A water sample has been collected from the stock tank located 
near the proposed mine site. Radionuclide assay for baseline 
data is in progress. 


Water samples from Kanab Creek (DM 85) and the Colorado River 
(McK 86) have been analyzed and may be used to monitor changes 
in radioactive material concentrations. However, as a result 
of variations in water flow rates (dilution factors) and 
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leaching of ore from the many exposed deposits which are 
located around the Arizona Strip, Grand Canyon, and the Little 
Colorado River, no noteworthy manmade increases should be 
anticipated. 


A soil sample has been collected from an area downslope from 
the site. It will be assayed specifically for Ra-226 and 
gamma spectrometry performed to determine baseline 
concentrations of Th-232, T1-208, K-40, and Cs-137 (from 
fallout). 


Passive dust samples have been collected at the four 
monitoring sites to obtain background information on the 
amount of natural radioactivity in the dust around the mine. 


Operational Measurements: The quarterly thermoluminescent 
dosimetry measurements and scintillometer measurements will 
continue at the four established monitoring sites. Pressur- 
ized ion chamber measurements will be performed at least once 
per year to confirm the thermoluminescent dosimetry and 
scintillometer readings. Additional sites may be established 
at the mine and along the haulage route as deemed necessary. 


Based on time and need, radon measurements will be performed 
in and around the mine site. The objective will be to collect 
sufficient radon information to ensure no noteworthy increase 
in radon gas occurs downwind from the site and to monitor for 
any cumulative impacts which might occur as a result of 
increased mining activities. 


Passive dust monitoring will continue and will be used to 
monitor for significant changes in airborne radioactivity. 


Soil samples will be obtained only as needed to delineate 
possible radionuclide increases from accidental releases or to 
ensure that ground water, if present, will not be adversely 
impacted. 


Water sampling will continue at any operating on-site wells. 
The collection program will be integrated with the water 
sampling programs currently in progress at the other mining 


.operations on the Arizona Strip. It is hoped that the water 


results and associated information may be used by the Bureau 

of Land Management, Forest Service and Park Service to assist 
with ongoing, long- term assessments of water quality in the 

Grand Canyon area. 


Whenever a haulage accident occurs a radiological report wil] 
be prepared. The report will contain such information as the 
amount of material spilled, the extent of area affected, 

measures taken to provide an adequate cleanup, results of the 
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final radiological survey, and estimates of any possible 
non-occupational exposures. 


Alternatives Considered 


Ts 


Alternative 1 


No Action. The No Action alternative is a continuation of 
existing conditions. The details of this are described in the 
section on “Affected Environment." Under the no action 
alternative, the Plan of Operations would be denied if it did 
not meet the criteria of 43 CFR 3809 surface protection 
regulations to prevent unnecessary or undue degradation. The 
plan would be returned to Energy Fuels to be resubmitted when 
it had been upgraded to meet the requirements of the law. 


Alternative 2 


This alternative would involve approval of the plan of 
operations as submitted. 


Alternative 3 

This alternative involves approval of the Plan of Operations 
with various additional mitigation or stipulations, including 
but not limited to the following: 


) Alternative access to the project area as depicted on 
Figures 11 and 12. 


0) Use of other forms of transportation for employers to 
access the mine site, i.e. private cars, aircraft. 


0 Relocation of surface facilities within the mine yard. 


) Require reclamation of the two temporary access roads 
that now lead into the site. 


) Require EFN to fully construct holding ponds before 
uranium ore’ is stockpiled on the surface; i.e. beginning 
of Phase I. 


(0) Require dust suppressent on the approved access. 


THE AFFECTED ENVIRONMENT 


As stated previously in Section III.B. the affected environment is 
equivalent to that situation that exists currently in the District, 
prior to EFN submitting their mining proposal. This means all existing 
mining activities and their environmental impacts are included in the 
current situation. The proposed action and all alternatives will 
therefore be evaluated against existing conditions. 
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Land Status 


Figure 1 shows the existing land status and boundaries of interest 
in relationship to this project. 


Specifically, this project is located within the unsurveyed 
Township, T38N, R4W, of SW% Sec. 17. Both surface and mineral 
estates are owned by the federal government and are open to mineral 
entry under the General Mining Laws of the United States. 


Non-Living Components 
Cl1imatol ogy/General 


The general area is classified as a semi-arid continental 
Climate. It is typified by cool winters, warm summers and 
light precipitation. Winter temperatures commonly drop below 
freezing at night while summer temperatures routinely rise 
above 90 F in the day. 


1. 


ae 


Precipitation 


Twenty-three years of data have been summarized at the 
Fredonia, Arizona weather observation station. A summary 
of this data shows the average precipitation is 10.1] 
inches (see Figure 5). 


In addition the Bureau has summarized at least 13 years 
of local rain gauge data in the immediate vicinity of the 
project area. The results of which are shown in Figure 6. 


Winds 


In 1983, a one-year data set was collected from a meteor- 
ological station by independent consultants (Fox Consul- 
tants, Inc.) to measure wind patterns of the area. 


Prevailing wind directions at the project area is from 
the south-southwest, with south-southeast through 
southwest winds clearly dominating the wind patterns of 
the area (approximately 40% of the time). Easterly 
component winds are least frequently occurring at the 
project area, with east-southeast winds occurring less _ 
than 1.0 percent of the time. 
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CLIMATOLOGICAL SUMMARY FOR FREDONIA, ARIZONA_ 


Temperature (°F) Precipitation (in.) Mean 
Mean Mean No. Days 
Mean Daily Daily Extremes Totals Snowfall Precipitation 

Month Monthly Maximum Minimum High Low Mean Maximum Mean Maxi mum 2 1" 
JAN 32.7 46.0 19.4 66 -18 1.17 3.28 8.1 13.6 ~S 
FEB 36.2 50 .6 21.7 71-15 89 1.65 4.2 11.0 3 
MAR 42.4 58 .6 26.2 79 5 1.09 3.56 4.2 14.5 2 
APR 50.7 68.7 32.7 86 10 -68 1.87 7 2.0 1 
MAY 58 .0 77.0 39.0 94 20 44 1.33 0 0 2 
JUN 66.5 86.7 46.2 104 26 32 96 0 0 1 
JUL 73.8 92.8 54.7 105 37 .69 1.88 0 0 2 
AUG 72.1 90.1 54.1 104 33. «1.27 2.68 0 0 4 
SEPT 65.1 84.6 45.6 99 26 =61.04 2.82 T T 2 
OCT 53.8 72.4 35.4 96 7 88 3.09 3 1.5. 2 
NOV 41.6 58.3 24.9 76 0 62 1.39 1.2 6.0 3 
DEC 34.6 48.5 20.7 70 «6-15 1.00 2.30 4.6 6.0 2 
ANN 52.3 69.5 35.1 105 -18 10.09 3.56 22.3 14.5 28 


. Source: Climatography of the United States No. 86-2 Arizona. 
1. Unless otherwise specified, based upon period of record 1937 - 1960. 
2. Period of record 1951 - 1960. 


FIGURE 5 
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SUNSET 


YEAR 

71-72 
72-73 
73-76 
76-75 
75-76 
76-77 
77-78 
78-79 
79-80 
80-81 
81-82 
82-83 
83-84 
84-85 
85-86 


~ FALL 


WINTER 
98 
2.39 
1.06 
2.11 
1.60 
40 
4.41 
4.36 
3.69 
1.15 
2.20 
2.23 
1.30 
3.76 
42 


SPRING 
56 
3.19 
06 
3.89 
1.86 
1.11 
3.75 
89 
&.03 
3.58 
2.62 
3.40 
47 
2.31 
2.58 


SUMMER ANN. TOTAFALL AVE.WIN. AVE.SPR. AVE.SUM. AVE ANN. AVE. 


2.66 
1.46 
1.38 
2.86 
5.88 
1.48 
2.01 
3.12 
3.83 
1.37 
8.07 
7.26 
3.25 
2.75 
6.84 


5.44 
10.45 
2.73 
10.65 
9.66 
3.12 
10.97 
12.27 
12.29 
8.81 
15.18 
15.66 
7.17 
9.54 
13.02 


1.76 2.14 
1.76 2.16 
1.76 2.14 
1.76 2.14 
1.76 2.14 
1.76 2.14 
1.76 2.14 
1.76 2.16 
1.76 2.14 
1.76 2.14 
1.76 2.14 
1.76 2.16 
1.76 2.14 
1.76 2.16 
1.76 2.14 
SUNSET 
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2.29 
2.29 
2.29 
2.29 
2.29 
2.29 
2.29 
2.29 
2.29 
2.29 
2.29 
2.29 
2.29 
2.23 
2.29 


3.61 
3.61 
3.61 
3.61 
3.61 
3.61 
3.61 
3.61 
3.61 
3.61 
3.61 
3.61 
3.61 
3.61 
3.61 


9.80 
9.80 
9.80 
9.80 
9.80 
9.80 
9.80 
9.80 
9.80 
9.80 
9.80 
9.80 
> 9,80 
9.80 
9.80 
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Wind speeds averaged 3.4 m/sec (7.6 mph) throughout the 
One-year monitoring period, with the higher average wind 
speeds more often associated with the southerly component 
winds. Higher wind speeds were not as common as wind 
speeds in excess of 11 m/sec (24.6 mph) occurred only 
0.32 percent of the time. (Appendix, Air Quality Impact 
Analysis of the Hermit Project, Enecotech, 1987). 


Air Quality 


The airshed in this vicinity is designated Class II airshed. 
Virtually no industrial pollutants exist. Air quality and 
visibility are good to excellent. The major pollutant is 
fugitive dust resultant from disturbed areas, roads, 
stockponds and high livestock use areas. 


A Meteorological Monitoring Program was conducted on the 
Arizona Strip at Sunshine Point to establish the natural 
background levels of Total Suspended Particulate, (TSP). 


All the data collected was in accordance with EPA monitoring 
and Quality Assurance (QA) guidelines. As part of the QA 
guidelines the monitoring study program colated samples to 
assess the precision of the TSP measurements. 


This data_showed the annual geometric mean to be 
13.7 mg/m. The highest 24 hour concentration measured in 
the sampling period was 59 mg/m’. 


Because of the close proximity of the monitoring station to 
the Project Area, the similarities in climatology and absence 
of nearby major industrial sources, this data is a good 


representation of the baseline conditions at the project area. 


For brevity, the entire Air Quality Impact Analysis for the 
Hermit Project is located in the Appendix. 


Water Resources 


Surface water in this area is derived exclusively from precip- 
itation. Storm intensity can be quite severe due to small 
intense localized summer showers. Surface waters exist in the 
form of impoundments constructed and: designed to capture the 
intermittent flows from localized and sporadic showers for 
livestock use. There are two such structures, each approxi- 
mately 1.0 miles north and south of the project area. A third 
water source is located at the project site and was minor 
perched alluvial aquifer that is ephemeral in nature. It is 
controlled by EFN. 
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Ground Water 


Throughout much of the Colorado Plateau, the regional ground 
water table is deep and controlled largely by the elevation of 
the Colorado River and its major tributaries which are deeply 
incised. In the viscinity of the Hermit Mine, the regional 
water table is at a depth greater than 2,000 feet and 
approximately 1,000 feet below the proposed depth of mining. 


Perched ground water conditions occur locally within the 
sedimentary sequence above the regional water table. Perched 
(alluvial) aquifers, however, are typically discontinous and 
frequently not capable of being produced on a sustained yield 
basis due to low rates of natural ground-water recharge and 
their limited lateral extent. 


ther perched 
ground-water zones may also be anticipated to occur at 
isolated or discontinuous lenses within the Toroweap and 
Kaibab limestones. These perched zones may yield small 
quantities of water to mine workings as they are penetrated. 


The experience at the Hack Canyon and Pigeon Mines, which are 
located in the same general area, has been that the rates of 
ground-water inflow to the mine workings decrease with time 
and generally cease within a period of several months. 
Parametric studies have further shown that based on the 
observed rates of ground water inflow at the Hacks Canyon and 
Pigeon Mines, the effective radius of influence as a result of 
.drainage into the mine workings will be small and is typically 
less than a few thousand feet. 


The final depth of mining is nearly 1,000 feet above the 
regional ground-water table within the Redwall-Mauv limestone 
aquifer. The Red Wall-Mauv aquifer is the upper most aquifer 
of importance capable of supplying a continuous water supply 
of a few gallons’ per minute. 


Visual observations within the three Hack Mines and Pigeon 
Mines have shown the absence of open- fractures or joints 
within the Pipe and that essentially all of the voids within 
the rubblized collapse zone have been filled with a fine 
grained matrix comprised of carbonaceous materials. As a 
result, the breccia pipe and the area immediately surrounding 
the pipe are effectively impermeable. This has been confirmed 
by laboratory tests on core samples taken from the same rock 
formation at the Canyon Mine project. These tests indicate 
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that the hydrolic conductivities of the rock mass within and 
adjacent to the pipe is less than 1 X 10-8 cm/sec. This is 

consistent with the observed conditions in operating mines on 
the North Rim, specifically the Hack Canyon and Pigeon Mines. 


In general, the geology in combination with low precipitation 
and high evaporanspiration losses leads to little water 
actually infiltrating and percolating downward to the regional 
water table. Although the exact rates of natural recharge are 
not known, it is suggested that the rates of natural recharge 
are probably on the order of several hundredths to a few 
tenths of an inch per year (Metzer, 1961). 


A small potential exists for minor perched ground water 
conditions to occur above the regional water table wherever a 
permeability contrast exists, for example,, immediately above 
the contact of the permeable Coconino sandstone with the 
underlying low permeability Hermit Shale. Perched water may 
also be anticipated to occur as isolated or discontinuous 
lenses within the overlying Toroweap and Kaibab limestones. 
The existance of localized perched ground-water zones above 
the regional water table is manifested in isolated springs and 
seeps along the walls of the Grand Canyon and tributary 
canyons. The discharge from most of these springs is 
typically less than a few gallons per minute and frequently 
intermittant. 


Soils 
Soils in this area are alluvial derived from both Kaibab 


limestone and Moenkopie siltstone. These soils range from 
cobbly sandy loams to silt loams. Soils vary in depth from 


.Shallow on limestone ridges to deep in the Moenkopie swales. 


All are well drained. Erosion potential is low to moderate 
due to low relief. 


Productivity of these soils are generally moderate, presently 
supporting mostly grassland/half shrub communities. 


Given the subtle topography, low slope factor, there appears 
to be little potential for significant off site soil loss. 
For more information see The Soil Conservation Services Order 
III soil survey completed in 1984. - 


Regional Geology 


The Kaibab Plateau, on which the Hermit Mine prospect is 
located, is underlain by a thick sequence of horizontal to 
gently dipping Paleozoic rocks (570 to 225 million years 
before present). The sedimentary sequence, which is exposed 
in the walls of the Grand Canyon, ranges from about 3,500 to 
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4,500 feet thick and overlies highly-deformed Precambrian 
(older than 570 million years before present) sedimentary, 
metamorphic, and igneous rocks. The Precambrian rocks form 
the basement complex which for practical purposes constitute 
the lower limit of ground-water occurrence and movement 
(National Park Service, 1984). While some ground water 
undoubtedly occurs within the Precambrian, the quantities and 
its significance are small compared to those within the 
overlying sedimentary strata. 


Stratigraphy 


The generalized stratigraphy in the Hermit Mine site area is 
shown on Figure 7 and discussed below. 


In the Hermit Mine site area, the uppermost formation is the 
Moenkopi of Traissic age. The Moenkopi consists of red 
siltstone and claystone which outcrop directly at the surface 
or underlie the surface at a shallow depth. The formation in 
the mine site area ranges from about 100 to 500 feet in 
thickness. 


The Moenkopi is underlain by the Kaibab and Toroweap 
limestones. These formations dip gently to the north and are 
exposed in the walls of the Grand Canyon. In the Hermit Mine 
area, the aggregate thickness of the Kaibab and Toroweap 
Formations is 600 to 800 feet. In the vicinity of the Hack 
canyon and Pigeon Mines, the Toroweap Formation consists of a 
basal unit of sandstone and shale approximately 30 feet thick 
(Seligman Member), a 210-foot thick middle unit of 
fossiliferous grey limestone (Brady Canyon Member), and an 
upper, slope-forming unit of about 160 feet of gypsiferous 
.shale and siltstone (Woods Ranch Member). 


The Kaibab Formation consists of a lower member of 
fossiliferous, cherty, limestone (Fossil Mountain Member) and 
an overlying sequence of thinly-bedded limestone, shale and 
gypsiferous siltstone (Harrisburg Gypsiferous Member). 


The Coconino sandstone directly underlies the Toroweap 
limestone at a depth of 900 to 1,000 feet within the mine 
area. The Coconino ranges in thickness in the mine area from 
about 30 to 50 feet. In the canyon rim north of the visitor 
center at the Grand canyon national Park, the Coconino 
sandstone is approximately 300 feet thick. The Coconino 
sandstone is a white, cross-bedded eolian deposit of Permian 
age. 
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The Coconino sandstone is underlain within the mine area at 
depths of 930 to 1,050 feet by the Hermit shale. The Hermit 
shale is a dense, clay-cememted siltstone and behaves as a 
confining bed under the coarser and more permeable Coconino 
sandstone. As a result of the permeability contrast between 
these units, perched ground-water conditions may exist locally 
above the contact. Also springs and seeps may occur locally 
along the contact between those units in the canyon walls. 


The Hermit shale, in turn, is underlain by the Supai Formation 
which extends from about 1,050 to 2,300 feet below the 
surface. The upper few hundred feet of the Supai Formation is 
the resistant sandstone that resulted in the formation of the 
inner gorge of the Grand Canyon. The upper Supai Formation 
and the overlying Hermit shale are the main host rocks for the 
ore deposit at the Hermit prospect. The lower portion of the 
Supai grades from a sandstone to a limestone which overlie the 
older limestones of the Redwall Formation. 


The Redwall and underlying Temple Butte and Muav limestones 
collectively comprise the Redwall-Mauv aquifer of Northern 
Arizona. The Redwall limestone is a thickly-bedded, 
fine-grained limestone that typically is a cliff former where 
exposed along the walls of the Grand Canyon. In the area of 
interest, the Redwall is approximately 450 feet thick. The 
upper karstic member of the Redwall limestone is the source 
of the existing water supply for on-going operations at the 
Pigeon Mine, Kanab North, Pinenut, and the Canyon Mines. It 
is also the proposed source of water for the Hermit Mine. 


The Temple Butte limestone, which underlies the Redwall, 
consists of interbedded dolomite, dolomitic sandstone, sandy 
limestone, siltstone and sandstone. It crops out as thin 
ledges and occupies small channels cut into the underlying 
Muav limestone. The Muav limestone consists chiefly of 
dolomitic limestone and is gradational with the underlying 
Bright Angel shale. 


Structural Geology 


Major north-south trending faults provide geologic and 
_topographic boundaries to many of the plateaus. The Kanab 
Plateau on which the Hermit Mine is located, lies between the 
Toroweap-Sevier Fault on the west and the West kaibab Fault on 
the east (Figure 8). Both of these faults trend 
north-northeast with movement on the order of hundreds of 
feet. The West Kaibab Fault and the East Kaibab Monocline 
form the boundaries of the Kaibab upwarp (Kaibab Plateau), 
topographically the highest of the area. The East Kaibab 
Monocline and the Vermillion Cliffs intervene between the 
Kaibab Plateau and the Paria Plateau to the northeast. The 
Kanab Valley Fault bisects the Kanab Plateau. 
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Movements along many of the faults began in the Miocene, but 
much of the activity peaked during Pliocene time. The faults 
are thought to be related to underlying Precambrian zones 
weakness. Numerous smaller faults and folds are also present; 
these generally trend north, northwest, or northeast. 


Breccia Pipes 


Roughly cylindrical, pipe-like collapse structures, termed 
breccia pipes, are common geologic features across the 
southern portion of the Colorado Plateau. The breccia pipes 
are relatively small in diameter, generally less than 500 
feet, but may be thousands of feet deep. The pipes contain 
broken, rubbled rock from surrounding formations encircled by 
a series of concentric ring fractures. The more-permeable 
annular fault ring and the rock debris within the center of 
the pipe provided a vertical conduit for ascending and/or 
descending mineralizing fluids. When mineable ore occurs in a 
pipe, it typically is located in both the annular fault ring 
and the central breccia matrix, principally in the Hermit and 
Supai Formations. Because the pipes are not Known to extend 
below the Redwall limestone, it is generally held that the 
pipes resulted from successive chimney collapse of the 
overlying formations into solution caverns developed within 
the Redwall limestone: 


"Geologists believe that cavities formed millions of 
years ago by dissolution of portions of the Redwall 
limestone (which) created space into which the overlying 
rock collapsed. The collapse zone propagated its way up 
hundreds, and in some instances, several thousands of 
feet in the form of a narrow cylinder or cone. This 
broken rock or pipe created a favorable environment for 
mineral deposition" (U.S. Forest Service, 1985). 


Subsequent to the formation of the breccia pipes and 
mineralization, the materials within the pipe and in 
surrounding areas have been recemented and the void spaces 
filled with a fine-grained matrix consisting mainly of 
carbonaceous materials. As a result, the breccia pipe and the 
area around the pipe is effectively impermeable. Laboratory 
tests, for example, on rock core from the breccia pipe and 
surrounding areas at the Canyon Mine, (located south of the 


Grand Canyon), have shown the rock-mass hydraulic 


conductivities generally to be less than 1 x 10-9 cm/sec. 
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Radiological Assessment 


The natural radiation environment consists of cosmic radiation 
and many radioactive elements including Hydrogen - 3, Carbon - 
14, Potassium - 40, Rubidium - 87, Uranium -235, Uranium - 238 
and Thorium -232. Importantly both Uranium -238 and Thorium 
-232 are ubiquitious in soil with average concentrations of a 
few parts per million. Each are parent elements of a 
radioactive decay series. The thorium decay series is not 
significant in the Hermit ore body or other uranium deposits 
in Arizona so it will not be discussed here. 


Natural uranium is about 99.3% U-238 so the radiation 
contribution from the U-235 series is insignificant. 


Radioactive materials are naturally present in air, water and 
soils. Typical concentrations of naturally occuring uranium 
and Radium-226 in normal soil are on the order of 1 
pico-Curie per gram. A pico-Curie (pCi) is equivalent to 2.22 
atoms of the radionucliide decaying each minute (an extremely 
small number). Typical concentrations of Uranium and Ra-226 
in surface, ground and domestic water are on the order of 
1,3,2 pCi/L. Arizona's uranium concentrations in water have 
been reported to be between 2.5 and 2.7 pCi/L. These values 
vary considerably depending on the extent of uranium 
mineralization in the area. 


The units of dose are rem (roentgen equivalent man). Because 
this unit is so large, it is useful to divide the value by one 
thousand and discuss radiation dose in terms of 1/1000 rem, or 
millirem (mrem). Dose rates are described as mrem per hour or 
per year. 


“Some typical radiation doses are as follows: 


Source Dose, millirem 
Maximum allowable average 5 ,000/yr. 
occupational dose 
Average dose received by 365/yr. 
all workers, uranium mines 
Average allowable dose to 170/yr. 
general public 
Canyon Mine Project 70-125/yr. 
Hermit Project W5/yr. 
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Hacks Canyon and Kanab North 70/yr. 
Average dose from diagnostic X-rays 70/yr. 
U.S. average in water and food 2afyr 


Normal environmental outdoor concentrations of radon are 
generally less than 1 pCi/L. However, in uranium mines, radon 
concentrations may increase measurably. 


Background Radiation 


Four monitoring stations which measure background gramma 
radiation were established around the Hermit Project in 
September of 1986. The sites are approximately % mile north, 
south, east and west of the proposed mine.., 


Other monitoring stations are in place at the Pinenut, Kanab 
North and Pigeon Mines and an extensive monitoring network has 
been set up at the Canyon Mine. Since gamma radiation data 
for all mine sites is being collected using identical 
detection methods and the entire region has similar radiation 
characteristics, any changes from existing background will be 
obvious. 


Initial onsite measurements made in September 1986 and January 
1987 indicate that the background gamma radiation exposure 
rates are on the order of 105 mren/yr. 


The entire Radiological Assessment of the Hermit Project is 
located in the Appendix of this document. 


Accoustics 


Due to the complex nature of accoustical studies conducted 
previously to evaluate potential impacts, an accoustical guide 
in the Appendix has been added describing nomenclature, 
instramentation and methodologies used to gather and analyze 
data. , 

Background ambient sound levels within the accoustical 
environment of the Arizona Strip District vary depending on 
the proximity of receptors to human activities; particularly 
highways or local roads, aircraft flight paths and local 
meteorological conditions. The most common noises resulting 
from man's activities in the Arizona Strip include off road 
vehicles such as jeeps, motorcycles and trucks (including 
lumber, oi] and ore trucks) on U.S. Alternate 89, State routes 


32 


‘ . 
1 ny ' * 


‘ ' 
‘ , 
» s 


67 and 389 and other unpaved roads such as Ryan or Mt. 
Trumbull roads. 


The Day-Night Average Sound Levels (Ldn), for open unpopulated 
areas away from highways is expected to vary from 30-45 dB 
(decibels). (U.S. Bureau of Reclamation, 1976; National Park 
Service, 1976) (16). For most detailed information on 
Acoustics in the Area refer to the Final Pinenut Environmental 
Assessment. 


C. Living Components 


Is 


Wildlife 


A diversity of wildlife species has the potential to exist 
within the general project area. = 


a. Big Game 


Extensive ground and limited aerial surveys were 
contracted by EFN for this proposed action. These 
surveys were designed to provide site-specific baseline 
data and to determine the extent and intensity of 
wildlife utilization (Spectrum Sciences and Software; 
Sigler and Associates; 1987). This contracted studies 
generally supports the data and observations of the 
Arizona Game & Fish and BLM as described in the Clayhole 
Habitat Management Plan (HMP). 


Mule deer use and occurrence is nominal given the lack of 
cover around the actual mine site and access roads. 
Densities of mule deer are estimated to be below 0.5 deer 
per square mile. However, adverse winter cause deer 
herds to move from the Kaibab onto winter range areas 
along the tributaries of Kanab Creek. 


Three miles south of this project, the terrain is more 
variable with substantial amounts of more diverse 
vegetative cover. Mule deer densities are greater with 
the better ‘habitat conditions. However, survey data 
reflects very low numbers. Lack of desirable habitat 
components (esp. water) in the area precludes any 
liklihood for large numbers of mule deer. 


About 300 pronghorn antelope occur in the Clayhole/ 


Antelope Valley area. The established herds have not 
pioneered into this area although it is considered 
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suitable habitat. However, a few isolated sightings are 
known in the Sunshine Point area. 


About twenty-five desert bighorn sheep are now inhabiting 
portions of lower Kanab Creek from Grama Canyon south. 
The sheep are located several miles from the proposed 
action. Plans exist to manage for sheep throughout Kanab 
Creek in suitable habitat. 


b. Birds of Prey 


No birds of prey inhabit the local or immediate area due 
to lack of suitable nesting areas. The closest such 
habitat is approximately 6.0 miles to..the east (Kanab 
Creek Canyon) or 3.5-4.0 miles south in the lower reaches 
of Gramma Canyon. 


The project area supports a prey base utilized by more 
common raptor species such as red tail hawk. 


c. Non-Game/Small Game/Passerines 


The immediate habitat, is home to a variety of 
non-game/small game species. 


An indepth species list follows, and cites relative 
abundance and habitat preferences of each species that 
has a potential to occur in this area. 


o Indicates that the species has a "potential" to occur 
in the habitat type. 


Species bundance Grassland | Desert Shrub| 

|Great Basin Spadefoot Toad b 0 ) 

|Red Spotted Toad | C | | 0 | 

|Desert Night Lizard — | C | | ) | 

|Lesser Earless Lizard | N | | ) | 
| Cc | | 0 | 


|Zebra-tailed Lizard 
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Species Abundance rassland | Desert Shrub| 
|Leopard Lizard 0 0 

[Collard Lizard | re) 
|Desert Spring Lizard | 
|Western Fence Lizard | 
|Eastern Fence Lizard | 
|Sagebrush Lizard | 
|Side blotched Lizard | 
|Desert Horned Lizard | 
|Plateau Whiptail | 
| Tiger Whiptail | 
|Western Blind Snake | 
|Coachwhip | 
|Striped Whip Snake | 
|Gopher Snake | 
|Glossy Snake | 
|Common King Snake | ) 


| Longnose Snake | 


*Abundance: A = abundant, C = common, U 
L = Local, S = Spotty, I = isolated, N 


rc 
com 


oooo0co 


| | | 
| | | 
| | | 
| | | 
| | | 
| | | 
| | | 
| | | 
| | 0 | 
| | | 
| | | 
| | | 
| | | 
| | | 
| | | 
| | | 


ANONFAMQCANNTFrA 


uncommon, R = rare 
no record but may occur. 


ecies Abundance rasslan esert Shrub | 
|Sonora Lyre Snake R 0 Oo | 
|Desert Night Snake | C | 0 | 0 | 
|Back-tail Rattle Snake hoe: TOM | | 0 | 
|Great Basin Rattle Snake | A | 0 | 0 | 
|Mojave Rattle Snake | C | | re) | 
|Desert Sidewinder | C | | 0 | 


Source: Reptiles and Amphibians of the Arizona Strip 
(1978, U.S.G.P.0. - 786-167) 


|Species Abundance* rassTand Desert Shrub 
|Desert Shrew SR 

|California Myotis as | 

| Yuma Myotis 2 | 
|Western Ripstrelle 

|Mexican Big-eared Bat | 
» |Silver-harred Bat 

[Hoary Bat | 
|Spotted Bat 

|Brazilian/American Free-tailed | 
| Bat 

|Desert Cottontail | 


Q0O ReEADAAYBoO 
(oN oo Mo MoM oN o) 
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|Species LAr saree | Brasstand | Desert Shrub | 
|Jack Rabbit | | | 


|Cliff Chipmunk | : : 
|Antelope Ground Squirrel | 0 
|Roundtailed Ground Squirrel | 
|Common Pocket Gopher | 
|Little Pocket Mouse | 
|Great Basin Pocket Mouse | 
| Longtail Pocket Mouse | 
[Desert Pocket Mouse | 
|Ord's Kangaroo Rat | 
|Chisel-toothed Kangaroo Rat | 
|Merriam's Kangaroo Rat | 
|Canyon Mouse | 
|Deer Mouse | 
|Brush Mouse | 
|Short-tailed Grasshopper Mouse | 
|Desert Woodrat 
| 


0 


°o 


(e) 


ie) 


|Coyote 

|Kit Fox 

|Grey Fox | 
|Badger | 
|Spotted Skunk | 
IMt. Lion | 
|Bob Cat | 
|Muledeer | 
|Pronghorn ; | 
|Bighorn 


ANONCCCANONCSPYRPCNMSFANNDEFAMNANMIMZAYA>FT 
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| 
| | | 
| | | 
| | | 
| | | 
| | | 
| | | 
| | | 
| | | 
| | | 
| | | 
| | | 
| | | 
| | | 
| | ry | 
| | | 
| | | 
| | | 
| | | 
| | | 
| | | 
| | | 
| | | 
| | | 
| | | 
| | | 
| | | 


Source: Mammals of the Arizona Strip 
(U.S.G.P.0., 1978 - 786-167) 


|Species [Abundance* | Grassland | Desert Shrub 
| Turkey Vulture 0 0 
| Gosnawk | R | ) | ) | 
|Marsh Hawk | C | 0 | ry | 
|Rough- legged Hawk 4S | C | 0 | 0 | 
|Ferruginous Hawk PY ae | R | 0 | 0 | 
|Red-tail Hawk | C | 0 | 0 | 
|Golden Eagle C | 0 | 0 | 
* |Prairie Falcon | U [* 4 | 0 | 
[Peregrine Falcon | = R/ | ) | 0) | 
| |Endangered | | | 
|Kestrel | | 0 | 0 | 
|Roadrunner | c | 0 | 0 | 
|Great Horned Owl | A | 0 | 0 | 
| Common Nighthawk | C | 0 | Oo | 
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|Species [Abundance* | Grassland | Desert Shrub| 
|Lesser Nighthawk G | 0 | | 


|Broad-tailed Hummingbird 
|Calliope Hummingbird 
| Anna's Hummingbird 


|Black-chinned Hummingbird 


|Costa's Hummingbird 
|Rufous Hummingbird 
|Cassin's Kingbird 


|Wied's Crested Flycatcher 


|Ash-throated Flycatcher 
|Olivaceous Flycatcher 
|Black Phoebe 

{Horned Lark 

| Common Raven 

|Bewick's Wren 

|Cactus Wren 

|Rock Wren 

|Canyon Wren 

|Mock ingbird 

|Sage Thrasher 
|Bendire's Thrasher 

|Le Conte's Thrasher 

| Townsend's Solitaire 
|Blue-gray Gnatcatcher 
|Black-tailed Gnatcatcher 
|Phainopepla 

|Northern Shrike 

| Loggerhead Shrike 
|Bell's Vireo 
|Orange-crowned Warbler 
|Lucy's Warbler 

| Yellow Warbler 

| Yell owthroat 
|Macgillivray's Warbler 
|Wilson's Warbler 
|House or English Sparrow 
|Western Meadowlark 
|Brewer's Blackbird 
|Brown-headed Cowbird 
|Scott's Oriole 


. |Western Tanager 


|Summer Tanager 
|Pyrrhuloxia 
|Brown Towhee 
|Albert's Towhee 
| Savannah Sparrow 


|Lark Bunting 


af 
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| Species Abundance rasslan Desert Shrub| 
|Vesper Sparrow | U 0 | 


0 
|Lark Sparrow | ¢ | 0 | 0 | 
|Black-throated Sparrow | A | 0 | re) | 
|Sage Sparrow | U | 0 | 0 | 
|Rufous-crowned Sparrow | U | | 0 | 
|Chipping Sparrow | C | 0 | 0 | 
|Brewer's Sparrow | C | r) | ry | 
|Black-chinned Sparrow | R | | 0 | 
|White-crowned Sparrow | C | 0 | ) | 
|Golden-crowned Sparrow | R | 0 | 0 | 
|White-throated Sparrow | R | 0 | 0 | 
IFox Sparrow | U | 0 | 0 | 
[Song Sparrow | U | 0 | 0 | 


2. Vegetation 


The general area of the mine site as well as the 
proposed access is located within grassland/desert half 
shrub type. The area supports 1 AUM per 11.7 acres and 
is considered in fair to good conditions. 


The vegetation composition is basically as follows: 


Winterfat Russian Thistle 
Blue gramma Eriogonum (annuals) 
Dropseed Wolf berry 

Big Galleta Rabbit brush 
Indian Rice Grass Sage 

Needle grass Three-awn 

Fourwing 


3. Threatened or Endangered Species 


The areas of direct impact were inventoried for all 
Threatened and Endangered and Category 1 and 2 plant 
species. None were found. 


Specifically, the Hermit Mine site and access was cleared 
for Pediocactus peeblesianus var. ficheisenii a category 
1 species that occurs near the area. None were found. 
The soil and habitat of the area are not typical for this 
species. Transects through the area revealed no T&E 
species nor any other category 1 & 2 species. 


Additionally, the area was reviewed for all Threatened 


and Endangered animal species and none would be directly 
impacted by this proposed action. 
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1. 


Human Values 


Cultural Resources 


A Class III Cultural Resource Inventory was conducted by Abajo 
Archaeology, at at the location of the proposed mine site and 
associated ore haulage road. A total of 40 acres encompassing 
the proposed mine area and 15 acres constituting 1.25 miles of 
haul road corridor was intensively surveyed. 


A total of 5 isolated artifacts were found. No sites, 
structures or diagnostic features are present. Isolated 
artifacts include one Elko corner-notched projectile point 
basal fragment, and the remaining artifacts are non- 
diagnostic lithic debitage flakes and one core. No 
paleontological resources are Known to occur in the area. 


Socio-Economics 


There are no new published census data since 1980, available 
for this socio-economic analysis. However, it was assumed 
that the previous summaries (1970-1980) are still reasonably 
accurate. 


Four counties would be affected by uranium exploration and 
development at the Hermit Site: Mohave and Coconino Counties, 
Arizona, Kane and San Juan County, Utah. 


a. Population 


The Bureau of Census subcounty population data are from 
units known as census county divisions (CCDs). The 
primary population areas consist off three CCDs, for 
which population data are summarized below in Figure 9. 


It is reasonable to assume that at least the CCDs 
containing Kanab, Utah and Fredonia, Arizona have 
experienced a moderate increase in population, in the 
period from 1981-1985. 


As of 1980, the three CCDs had two incorporated towns, 
Kanab, Utah and Fredonia, Arizona. Kanab had a 1980 
population of 2,148 and Fredonia had a 1980 population of 
1,040. The total population in these two towns represent 
50.4 percent of the 1980 populations for the three CCD 
north of the Grand Canyon National Park. The eastern 
portion of the Mohave North CCD contains most of the 
Kaibab Indian Reservation population as well as the smal] 
communities of Moccasin and Colorado City. These three 
population units represent an estimated 25 percent of the 
total population of the three CCDs north Grand Canyon 
National Park. 
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FIGURE 9 


Census County Division Population Change: 1970-1980 


Population 


Numerical Percent 
CCD 1970 - 1980 1987 Change Change 
Mohave North (Co.) 950 1,786 836 88.0 
Kaibab (Coconino Co.) 967 1,417 950 46.5 
Kanab (Kane Co.) 1,621 3,116*(4800) 2,781 92.2 
Total: 3,538 6,319 4,067 78.6 


Source: 1970 Census; 1980 Census of Population and Housing 
Arizona and Utah 


*Source: Kane County Job Service 1987 estimate. 


FIGURE 10 
Selected Employment Data by County: 1980 


Employment Category Mohave* Coconino** Kanex** 
Manufacturing T,925 2,150 65 
Construction 225 50 15 
Transportation/Public Utilities 875 1,025 15 
Wholesale/Retail Trade 4,575 7,425 275 
Finance/Insurance/Real Estate 675 750 40 
Services 2,750 7,675 145 
Government 2,625 8,925 275 
Agricul tural 4,075 1,100 435 
Other - - - 

Total ; 18,625 31,275 1,370 


*Arizona Statistical Review, Valley National Bank, Phoenix, Arizona 1982. 


**Utah, County Economic Facts, 1980, Utah Industrial Development 
Information System, Salt Lake City, Utah. 


As of July 1984, the following unemployment rates existed for the three 
counties: 


1984 * 1987 1st Quarter **** 
*Mohave *(AZ) . ... =. . 7.3% unemployment eb. 10.9% 
**kCoconino (AZ)... =. . 9.0% unemployment Feb. 10.9% 
*ekKKane (UT). . . . . « « 10.0% unemployment Feb. 7.2% 


*Source: Mohave/Coconino County Job Services (Telephone Conversation) 

***Source: Kane County Job Services (Telephone Conversation) 

***kSource: Arizona Department of Economic Security (Telephone 
Conversation) 


(Both sources were named from Pane unemployment bulletins.) 
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b. 


Emp] oyment 


Figure 10 shows employment data for Mohave, Coconino and 
Kane Counties. 


In addition to the above data, it is known that 
operations at the three Hack Canyon Mines (from 
1980-1984) has generated at least $2,456,000 of 
severance, and property taxes for the state of Arizona. 
This figure will be actually higher when the other mines 
(Kanab North, Pigeon and Pinenut) are brought into 
production. EFNs presence in the communities of Kanab 
and Fredonia provides significant employment and benefits 
accrued therein. 


Public Attitudes de 


Attitudes of the public regarding mineral exploration can be 
classified as falling into one of three categories: 
uninterested/uninformed, supportive, and opposed. 


ae 


b. 


The Uninterested/Uninformed Category 


According to the 1980 Census data, 134,664 people live in 
the three county region. Figure 9 shows 6,319 residents 
in the three CCDs closest to the Pinenut Site, 
representing only 4.7 percent of the total population 
(three counties). Most residents live in larger cities 
of Coconino and Mohave Counties, such as Flagstaff, 
Kingman, Lake Havasu City, Bullhead City, Riviera and 
Page. Because of uneven population distribution, one can 
assume that a large portion of its residents are not 
aware of, informed or interested in uranium exploration 
at Hermit. 


The Supportive Category 


Support for the proposed action exists on two levels. 
Generally, most of the three county residents are 
traditionally supportive of mining. Many feel that 
mining has been an important part of the economy and 
mining benefits the economy. Such supporters are 
sympathetic to the concerns of mining companies and are 
concerned about Federal and State Legislation/Regulation, 
which they view as curtailing/hampering mineral 
development and production. 


On a more specific and localized level, past and present 
experience demonstrates, residents of the CCDs strongly 
support the proposed action. They perceive the proposed 
action as a source of potential employment and economic 
benefit. To many, this action represents the kind of 
development needed to broaden the economic base of the 
area beyond ranching, tourism and retirement. 


4] 


c. The Opposition Category 


Two specific groups oppose the proposed action. The main 
opposition comes from one local group and various 
individuals associated with specific environmental 
interests and issues. The second group of opponents 
consists of outside regional environmental groups. Some 
of these individuals who are aware of specific mining 
activities in the area oppose more mining. Others, 
unfamiliar with the specifics of the proposed action, 
apprehensive over the preceived potential health hazards 
of uranium mining and processing (in general the nuclear 
fuel cycle). 


Wilderness 


This area is approximately 7 miles west of the designated 
Kanab Creek Wilderness Area (Figure 1). 


Visual Resources 


The proposed project area is located on the Kanab Plateau. 
Relief is very gently undulating with an elevational 
difference of approximately 60-80 feet per square mile. 


The proposed project area occurs on a portion of one of the 
important viewsheds on the district i.e. visable from Highway 
389 and portions of the Kaibab National Forest. This is a 
designated Class IV visual designation in which most contrasts 
attracts attention and will generally dominant the landscape. 


More importantly, the area is the foreground view and provides 


‘visitors with the open space/remote perceptions that are so 


important to recreationists seeking open spaces or exceptional 
sightseeing opportunities. 


The Mt. Trumbull Road is the most important Travel Corridor 
(Travel Influence Zone) within the Resource Area, excluding 
the state highway system. This is evident by the large number 
of visitors (6,000 - 7,000) received at the Toroweap Overlook 
within the Grand Canyon National Park. 


‘Other Values 


The main value of this area as stated in the Management Frame- 
work Plan is the support of ranching, wildlife hunting and 
mineral interests as well as providing for open space and 
remote character. 


Sightseeing is a common use of this area along the Travel 


Influence Zone, but camping or other forms of recreation are 
not known to occur in the area of the new proposed mine. 
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E. Cumulative Impacts 
1. Existing Situation 


Uranium exploration and development has been ongoing within 
the Arizona Strip District since approximately 1980. At 
present, the number of companies operating within the District 
has decreased by 50% since 1980. 


Those companies still active in uranium operation are as 
follows: 


| Company | Comment | 

|Energy Fuels | Presently the only company active in production, | 

| | with 1 producing mine, 3 mines being reclaimed | 
| and two mines gearing up for production 

|Pathfinder Mines Active in exploration only, with generally 2 drill| 
| rigs active full time. Exploration basically | 
| limited to specific claim blocks. 

|Rocky Mountain Active in exploration only, with 1 drill rig full | 

| | time on BLM lands and 1 drill rig full time on | 

| | state and private lands (mostly in the Shivwits | 
| Resource Area). 

rarer | Active in exploration within Shivwits | 
| Resource Area. Activities limited to Savanic, | 

| | Cunningham and Copper Mountain Mines and a few | 


| | isolated claim blocks throughout the district. | 


Cumulative Surface Disturbance Impacts Resulting from 
Exploration 


As of the last Environmental Analysis for a uranium mine 
(Jan. 1986; Pinenut Environmental Assessment), it was 
determined that the following amounts of disturbance 
resulted from exploration in an approximate six year 


period. 
Total Surface Total Total 
Disturbance Reclamation Unreclaimed (Pine Nut EA) 
519 acres 447 acres 72 acres 
-60 acres since reclaimed 
72.0 
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Since that period the following additional activities and 
disturbance has occurred: 


ot- Surface otal Unre- 

|Company|Planslices |Amend |Disturbance |claimed Dist.|Comments 

1 ; mine plans - Hermit | 
| | | | | | | and Pinenut, 10 | 
| | | | | | | re-entries | 

M -6 ac. 13.1 ac. -2 ac. to be 

| | | | | | | submitted 
IR ac. ac. 0 notices were | 
| | | | | | | re-entries | 
| U roy 47 @ f 8.0 ac. | 0 Treclamation yet to be | 
| | | | | | | submitted | 
| | | | | [86.5 acres have been | 
| TOTAL | 2 | 51 | 34 | 129.6 | 33.1 | reclaimed | 


*EFN Figures based on 2.0 acres per Notice and 0.5 acres per amendment. 
Amendments are re-entries to areas previously disturbed. EFN figures 
also include state lands. Due to use of common access, figures are 
unrealistically high. 


**PMI Figures based on 0.1 acres per pad area (4000 ft.2) plus actual access 
disturbance (10 ft. wide) and actual trenching disturbance. PMI 
currently maintains a significant amount of "common" access that will be 
reclaimed. 


, ***RME Figures based on 2.0 acres per notice. RME is currently 
re-contracting reclamation work on all of 1986 notice submissions. 


xkkk =Uranerz has reclaimed all notices but plan to re-enter the site. 


Reclamation work proceeds immediately after operations 
cease. However, many drill areas utilize a common access 
that has been constructed by the companies. Therefore, 
as the drill site areas are reclaimed the access is left 
open to continue adjacent exploration. 


All companies no longer solvent or active within the 
District have reclaimed their sites and they have been 
released by BLM. 


One company, Intermountain Exploration still maintains 
valid claims within the Paria Canyon-Vermilion Cliffs 
Wilderness Area. Prior to any further surface disturbing 
activities on these claims a validity exam will be 
performed to assure complianced with the Wilderness Act. 
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It is apparent from the above table, that within the last 
7 years, exploration activities has resulted in 
approximately 648.6 acres of disturbance. However of 
this disturbance, approximately 533.5 acres have been 
reclaimed. 


Even if reclamation were not a requirement, the total 
percent of surface disturbances compared to that in the 
resource area or the area of high mineral activities 
would be very small, generally far less than one tenth of 
a percent. 


Cummulative Surface Disturbance Resulting From Uranium 
Production 


Since 1980, the following cumulative surface impacts from 
mining have resulted. 


Hack's 1, 2 Hack's 3 


9.1 acres disturbance 2.55 acres disturbance 
4.5 miles existing ./7 miles additional access 


access upgraded 


Total 11.66 ac + 10 acres buffer zone = 22.0 acres 
Total 5.27 miles of access. 


- original access was existing but upgraded to accomodate 
ore haulage 

- 48 people are employed. 

- EFN busses employees. 

- All three mines are in the first 
phases of reclamation. 

- Mt. Trumbull road is maintained by EFN and the county. 

- 14.5 miles of powerline on public lands. This powerline 
will remain because of the Hermit and Pinenut Mine use. 


Pigeon 


- 40 acres {including 10 acre buffer zone). 

- 10 miles of existing access upgraded to 
accomodate ore haulage plus 1/4 mile new access. 

- 38 people are employed. - 

- EFN busses employees. 

- Hauling is approximately 10-15 trips per day on Ryan 
road. 

- Life expectancy is approximately 1990-1991, reclamation 

is scheduled immediately afterwards. 

8.0 miles of powerline . 
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Kanab North 


- 28.0 (includes 10 acre buffer zone) 

- 6.5 miles of existing access upgraded to accomodate ore 
haulage,2.0 miles of new access constructed. 

- 8.0 miles of powerline 

- Ore haulage will not take place until 1988. 

- 42 people are employed. 

- Life expectancy 1992, reclamation is scheduled 
immediately afterwards.. 


Pinenut 


- 20.8 acres (for the mine yard) 

17.0 miles of existing access upgraded (approximately 
(0.5 miles of new access resulting from realignment). 
- Ore haulage not anticipated until 1989. 

- Life expectancy approximately 9 years. 

- Approximately 38 people employed. 

- 8.3 miles of proposed powerlines 


Total Disturbance Resultant from Production 


Mine Yard Acreage 115.0 acres 
Existing Access Upgraded 39.0 miles 
New Access Constructed 3.5 miles 
Miles of Powerline 30.5 (on Public Lands) 


The total impact of mining disturbances is less than 
0.0027% of the entire Strip District. Of special 
importance is that the three Hacks Canyon Mines will 
begin reclaimation activities during the second quarter 
of 1987. Therefore, by Mid-1987, there will be no 
further ore hauling on Mt. Trumbull Road until the Kanab 
North Mine comences ore production by mid 1988. In 1990, 
the Pigeon Mine will begin reclamation. The Pinenut Mine 
will haul on Mt. Trumbull road from mid 1989 through 
1994. Thus there soon will be a significant net decrease 
in the amount of ore hauling in the area that will 
persist for at least 3 to 5 years, given the staggared 
rate of production (assuming no additional mines). 


By the time the Hermit Mine is producing, the Hack Canyon 
Mines will be fully reclaimed, the Pigeon Mine will also 
be under reclamation, the Kanab North mine will be 
gearing down for reclamation and the Pinenut Mine will 
still have several years of production left. 


The Environmental Impact Statement (EIS) on the Canyon 
Mine proposal was prepared by the U.S. Forest Service and 
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1. 


it states that the proposed mine would not have any 
environmental impacts on the Arizona Strip since the impacts 
from that kind of mine was so localized. 


Analysis of Cumulative Impacts from Exploration 


Exploration has resulted in approximately 648 acres of surface 
disturbance within the Arizona Strip since 1980. Of this, 
533.5 acres have been reclaimed. The additional acreages that 
are at present unreclaimed represent ongoing activities or 
access that is used in common with several exploration areas. 


The following impacts have occurred: 


Vegetation 


Generally vegetation is trampled by overland type vehicles. 
Damage is usually not severe where heavy equipment has not 
been used. Blading will destroy vegetation entirely. 


Drill pads are generally not bladed unless on an excessive 
slope. However revegetation is a requirement on plans, 
notices, amendments or modifications. It is a renewable 
resource. The 72 acres yet unreclaimed are considered 
insignificant. Reclamation is an ongoing activity. 


It is a requirement that all areas to be disturbed will be in 
compliance with the Endangered Species Act. To date all T and 
E species have been avoided. 


Wildlife 


Generally, wildlife is affected by the loss of vegetation 
which provides food, cover and nesting sites. Loss of 
vegetation is not permanent. Given the total loss plus that 
which is rehabilitated, impacts are considered insignificant. 


The presence of humans/machines and other foreign sites, 
sounds and smells associated with drilling activities are 
thought to have had a potentially greater impact on wildlife 
than the actual temporary loss of vegetation. However the 
short duration of most exploration operations and the small 
areas affected do not pose significant impacts. Exploration 
activities generally are separated by great distances and most 
last less than 3-4 weeks, depending on drilling results. 
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Peregrine Falcons are provided strict protection during 
breeding and fledging periods pursuant to Section 7 (ESA) 
consultation with U.S. Fish and Wildlife Service. No 
operations have been approved within 1.0 miles of the Kanab 
Creek rims in superior habitat from the period from March 1 to 
August 15th. 


Soils 


Soils are slightly affected by overland travel and where 
access or drill pads have been bladed. Significant erosion 
events are eliminated with proper mitigation and reclamation. 
Impacts are insignificant. 


Fugitive dust resultant from vehicle travel is the largest 
contributor of dust. Historically there are normally less 
than four drill rigs operating within the entire district at 
anyone time. Smaller support vehicles do most of the overland 
exploration activities (ie, casual use operations). The 
increase in dust resulting from exploration activities is 
short lived and local to the immediate area around occasional 
road blading to the exploration site and therefore is 
considered insignificant. 


Air Quality 


Impacts to air quality (Class II) are negligible based on the 
negligable amount of soils actually disturbed. Fugitive dust 
resultant from vehicle travel constitutes a line source that 
could be quantified via computer models but would be 
insignificant given the amount of vehicle use, temporary 
duration on each site and the amount of disturbance during 
operations. 


Water Quality ~ 


No impacts to surface water have been observed on the Strip 
District as a result of any mineral action. 


Ground water is protected and regulated by Arizona State Law 
which requires immediate plugging of drill holes in a manner 
that will preclude cross contamination between aquifers or 
from the surface. : 


In any event, the probability of finding mineralization in any 


single hole is extremely low. (The vast majority of holes are 
found to be barren). 
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No quantifiable impacts to the Kanab Creek Drainage has ever 
been observed. Sixty water/sediment parameters are measured 
regularly and there has never been a quantifiable change in 
the results obtained which has been attributed to mining 
activities. 


Remoteness 


The remote and isolated nature of the district can be said to 
have been affected to some degree by the increase in 
exploration activities over the last 5 years. However, the 
level of frequency of the activities within the district has 
not been of a magnitude to alter the fundamentably remote 
character of the district. In order for this fundamental 
character to be changed, activities would have to expand 
tremendously. The affect of exploration activities are 
considered insignificant for the following reasons: 


1. The probability of being in the vicinity of a drill rig 
during operations is extremely low given the great 
distances that usually separate these activities and the 
short duration of time (less than 3-4 weeks) that 
exploration activities persist on any single site. 


2. There are less than 4 drill operations occurring 
simultaneously on the Arizona Strip's 8.5 million acre. 
Visual impacts are usually screened by topography and 
vegetation. 


3. No permanent adverse impacts are allowed from any 
operation pursuant to requirements that provide for 
mandatory reclamation. 


Social/Economic Structure 


Economic impacts from exploration activities are positive from 
the standpoint of employment of locals and support needs for 
exploration and mining equipment. These operations provide 
economic revenues to local and state agencies. Additional 
benefits are added by support of other local services that are 
not directly associated with exploration activity. Most 


people hired for exploration and mining are "locals" thus the 


influx of "outsiders" is very limited. It should be noted 
however that these activities can have negative impacts on 
those members of the public, that oppose this type of 
operation. 
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Analysis of Impact from Production 


Impacts to soils and vegetation are directly related to the 
actual surface disturbance that occurs when mine areas, roads 
or powerlines are constructed. The total amount surface 
disturbance associated with mining in the District is 
insignificant when compared to the total amount of land within 
the District. All operations are temporary and full 
reclamation is a mandatory requirement. 


Visual Impacts 


Visual impacts do occur as a result of mining, but such 
impacts are temporary and usually confined to local on site 
concerns. Examples: the three Hack Canyon Mine complex can be 
observed only when one is at the mine site due to twisting 
canyon turns or at specific places on the rims atop the 
canyon. The Pigeon Mine is generally not observable from any 
portion of the access except for the evaporation pond and the 
yard enclosure atop the canyon. Pigeon Mine is observable 
from Forest Service lands across the Canyon but not directly 
visible from the bottom of the Canyon. 


The Kanab North Mine is located on the rim of Kanab Creek. It 
is not visible on the West side of the creek except at an 
approximate distance of .5 miles when the head frame first 
becomes visible. Kanab North is visible from a wide area on 
the east side of Kanab Creek approximately 2.0 miles away, but 
it is not visible from within the canyon. 


Wildlife 


Wildlife is potentially affected by ongoing mining 

operations. Impacts occur due to vehicle use of roads and 
human activities. The extent of impacts are limited to those 
impacts that occur within a close proximity to the mine yard 
or haul route. Impacts are considered insignificant due to 
the small amount of habitat that is temporarily lost and of 
short duration of activities and the vast acreages of similar 
habitat available in the district. Impacts generally are also 
site specific. 


‘No adverse impacts to resident deer pronghorn or bighorn sheep 


have been observed as a result of mining activities. There 
have been no documented cases of mortality to deer, pronghorn 
or sheep from any hauling operation. 


Monitoring for falcons and eagles has occurred. To date there 


is known evidence that either species has been adversely 
affected. 
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Air Quality 


Analysis of cumulative impacts on the air quality within the 
district from mining activities has showed no significant 
adverse impacts. The small impact areas resulting from mines 
like the Pigeon Mine and Kanab North Mine and the relatively 
large distances between operations, make any cumulative 
impacts highly unlikely. Utilization of haul roads by the 
operations similarly are not likely to generate levels of TSP 
which approach the air quality standard of 260 Mg/m. Morever, 
if such a level were to be approached, mitigation measures are 
available to reduced the impact. For additional analysis see 
the proposed action and the Air Quality Impact Analysis for 
the Hermit Project. 


Water Quality 


No surface waters have ever been affected as a result of 
mining operations, including Kanab Creek. 


Kanab Creek and several springs are regularly monitored. 
There has never been an increase above background fluxuation 
of any mineralized material in the surface water. 


V. ANTICIPATED IMPACTS OF THE PROPOSED ACTION 


A. 


B. 


Land Status 


EFN has not applied for a mineral patient. Therefore, this 
proposal would have no affect on land status. 


Non-Living Environment 


1. 


2. 


Airshed 


A thorough discussion of the computer dispersion models, 
methods, and significance of anticipated impacts and several 
worst case analysis are located in the appendix (see Air 
Quality Impact Analysis of the Hermit Project). 


As stated in this report the proposed action would not have a 
significant adverse environmental impact on the immediate 


airshed classifications (Class II) nor the Class I airshed of 
the Grand Canyon National Park. 


Climatology 


The proposed action would have no effect on local or regional 
climatological patterns. 
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4. 


a. Precipitation 


The proposed action would not affect local or nea 
precipitation. 


b. Winds 


The proposed action would not affect local or regional 
wind patterns. 


Air Quality 


To determine the potential impacts of the proposed action on 
air quality, extensive computer modeling was undertaken using 
actual meteorological data, emission inventories and emission 
rates. These studies were conducted to determine actual 
impacts as well as projected "worst case" impacts under 
extremely conservative assumptions. 


These studies show that the proposed action including mine 
yard and haul road activities would not create impacts that 
would approach or exceed any substantial air quality standards 
or mandates. The Air Quality Impact Analysis is located in 
the appendix. 


Surface Hydrologic Impacts 


Flooding Potential 


With the diversion ditches designed to pass the 100-year flood 
peaks and additional freeboard provided in the channel design 
and that available due to the proposed dike, no flood damage 
is expected to any facility at the mine site. Because of 
available freeboard, the mine site facilities are flood proof 
for much more severe floods than the 100-year event. Some 
overland and overbank flooding may occur, during the 500-year 
storm event on the channel flank farther from the site 
boundary. However, this overbank flooding is not expected to 
be more severe than that expected under the existing 
conditions. At present, the entire storm runoff from 
sub-watersheds A and B runs through natural depressions or 
rills or as overland flow. The construction of the proposed 
ditches will channelize flood flows and minimize overland flow 
and the associated soil erosion. Any overbank flows spilling 
over the channel banks would be much less than the overland 
flows without the ditches (i.e., under existing conditions). 
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The on-site retention pond has a capacity to store more than 
the volume of the 500-year 24-hour storm runoff from the 
Project Area. Therefore, the flooding potential downstream of 
the mine site would be somewhat attenuated and the streamflows 
would be somewhat reduced. However, the area of subwatershed 
C, from which the surface runoff would be contained is only 
8.3 percent of the total area of the watershed contributing 
runoff to the point immediately downstream of the Project 
Area. Therefore, the overall impact at this location would be 
minimal and would become insignificant at points further 
downstream. 


Erosion Potential 


With the riprap and or vegetation proposed along the inner 
banks of the diversion ditches, the potential for bank erosion 
would be minimized. Some erosion may be expected on the outer 
(unprotected) banks of these diversion ditches. However, the 
channel velocities for the most extreme flood events are in 
the range of 4.5 to 5.0 ft/sec as compared to the reported 
non-scouring velocities of 2 to 3.5 ft/sec for channels 
excavated in alluvial silts (Chow, 1959). Therefore, the 
erosion potention during most flood events is expected to be 
minimal. 


Any flood induced erosion within the Project boundary would be 
contained and therefore the impact of this erosion on the 
surrounding surface water environment would be insignificant. 


Accidental Release of Contaminants 


As described in the previous sections, with the proposed 
design criteria, the probability of any eroded or accidentally 
released contaminant getting out of the site area is extremely 
remote. To analyze a hypothetical scenario, it is postulated 
that some amount of contaminated liquid gets released into the 
surrounding surface water environment, during an unexpectedly 
severe event, e.g., in excess of the design standard. This 
volume of contaminated liquid would first be diluted by the 
estimated 2.95 acre-ft of runoff volume generated within the 
Project Area. Further dilution would be provided by an 


additional total runoff volume of 30.18 acre-ft from 


subwatersheds A and B by the time the contaminant reaches the 
downstream end of the mine site area. This would provide an 
additional dilution factor of about 11.2. Further dilution 
will be available when the contaminant reached Bulrush Canyon 
and a dilution factor of about 2700 would be available in 
Kanab Creek giving a total dilution factor of about 24,000 
between the concentrations in the water getting out of the 
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mine site area and that flowing down Kanab Creek. It may be 
noted that the drainage area of Kanab Creek near Fredonia is 
1,085 sq. miles compared to a total drainage area of 0.388 sq. 
mile for the subwatersheds upstream of the outlet point of the 
mine site area (USGS, 1979). Therefore, it is expected that 
the available dilution factors in Kanab Creek under other flow 
conditions would also be of the same order of magnitude as for 
the storm exceeding the 500-year event. 


Groundwater Impacts 


Experience to date has shown that the rates of ground-water 
inflow to the existing mines in the Kanab Plateau decrease 
with time and are small, that is less than 5 gallons per The 
proposed depth of mining within the mineralized portion of the 
breccia pipe at the Hermit site would be approximately 1,000 
feet above the regional ground-water table within the 
Redwall-Mauv aquifer. Laboratory tests on rock core from 
within the breccia pipe but below the depth of uranium 
mineralization have shown the rock mass to be effectively 
impermeable. Measured hydraulic conductivities for the 
non-mineralized portions of the breccia pipe below the depth 
of mining were less than 1 x 10-8 cm/sec. This compares 
measured hydraulic conductivities of less than 1 x 107 

cm/sec for the altered sandstone and siltstone units adjacent 
to, but outside of the breccia pipe and measured values of 2.0 
x 10-/ to 1.4 x 10-© cm/sec for non-mineralized portions 

of the pipe within the zone of mining. 


Recementation of the collapse breccia within the pipe and the 
alternation and recementation of the sedimentary units 
immediately around the pipe have resulted in a very low 
permeability environment. Because of the very low 
permeabilities and the physical separation, the potential for 
any direct impact on water quality or quantity within the 
Redwall-Mauv limestone aquifer is negligible. 


In addition to these physical factors which limit the 
potential for water quality or quantity impacts with the 
Redwall-Mauv aquifer, absorption of heavy metals and 
radioactive constituents on the surfaces of clays as well as 


chemical reactions with the rock strata would tend to minimize 


or eliminate any short-term or long-term potential 
water-quality impacts. Thick sequences of agrillaceous 
mudstones and limestones with high absorptive capacities 
physically separate the uppermost aquifer within the 
Redwall-Mauv limestones and the proposed depth of mining. 
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It can be expected that mine development may locally dewater 
perched ground-water systems which exist within the thick 
unsaturated zone above the regional water table. Any effect 
on these perched systems, however, would be limited to the 
immediate mine area. (See the Ground Water Impact, 
Assessment, Appendix), 


Soils 


Soil disturbance at the mine yard would consist of minor 
recontouring to internally drain the area towards the holding 
pond and the channelizing of the watershed around the mine 
yard. Top soil would be stockpiled causing and adverse 
changes in the microbial community. Once the area is 
reclaimed it is believed that due to the small size (less then 
23 acres) of disturbance that the microbial population wil] 
restore itself rather quickly. 


Soil erosion rates would increase during construction but 
considering the drainage plan proposed, soil loss from the 
surrounding area is anticipated to be insignificant. If soil 
erosion rates or soil loss from the site becomes a problem EFN 
would be required to correct it immediately. 


On haul routes, soils would be compacted by the use of heavy 
equipment and other vehicle activities. Runoff from the road 
may increase soil erosion rates during periods of intense 
storm activities. The use of culverts and fill material 
should greatly reduce this risk and therefore the anticipated 
adverse impacts should be minimal, as well as temporary. 


Geology/Topography 


During Phase I and II, there would be some change in relief 
(23 acres) of the project area. To accommodate full internal 
drainage of the mine yard, minor grading of the mine yard 
itself is necessary. 


Upon cessation of operations, only minor changes in the pre- 
mining contours would occur. As revegetation proceeds, these 
changes should be unnoticeable to the average visitor. 


Additionally, given the stable nature of the local 
stratigraphy, there is virtually no probability of a 
"collapse" that might manifest itself on the areas surface 
topography. 
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Radiological Impacts 


Based on the evaluations of direct radiation, radon, dust 
emissions and ore hauling within the Radiological Assessment 
of the Hermit Project (Appendix) and the commitment of EFN to 
not allow any liquid releases from the mine yard, there is not 
expected to be any significant adverse radiological impacts to 
the surrounding area, to visitors, local inhabitants or the 
mine workers. 


During mine operation, the impact from ore piles and releases 
to the air from vent shaft would not be measurable at 
distances greater than a few hundred meters from the mine 
yard. Nor would it be possible to distinguish between mine 
induced radiation from natural background radiation in the 
environment. The complete Radiological Assessment of the 
Hermit Project is located in the appendix document. 


Acoustical Impacts 


Based on similar studies at other mines in the District 
(Pinenut and Hack Canyon), significant audio-impacts are not 
anticipated. Those impacts that are anticipated are within 
applicable limits set for safety standards. 


Nor is it anticipated that accoustical effects would have 
significant negative impacts on recreation due to extremely 
low use of the area and the fact that higher recreation values 
are found elsewhere. For comparative purpose see the Pinenut 
Environmental Assess Acoustical Impacts section. 


Based on similar operations and experiences of the U.S. Forest 
Service at the Canyon Mine, noise from hauling is not expected 
to have significant adverse impacts on wildlife species. 


Living Environment 


1. 


Wildlife 


a. Big Game , 


It is anticipated that the proposed action would have 
only a very minor negative impact on mule deer and 
antelope for the duration of this project. The 
combination of low densities of mule deer and antelope, 
lack of water and cover in the immediate area and the 
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small amount of surface disturbance associated with the 
mine yard and haul road does not lend itself to 
significant adverse impacts. 


The increased sights, sounds and smells of human 
activities are not expected to significantly interrupt 
daily movements and use of the immediate area by big game 
due to such low densities of these species. 


Impacts are expected to increase slightly in magnitude 
during Phase II. These impacts would be associated with 
the construction of the new haul road and actual hauling 
activities. 


The probability of direct mortality to deer or antelope 
as a result of a vehicle collision is. extremely remote 
and considered insignificant. 


No impacts to recent or future transplants of bighorn 
sheep in Hacks Canyon or Kanab Creek are anticipated. 


Birds of Prey 


This project is expected to have no significant adverse 
impacts on golden eagle (protected) or peregrine falcon 
(endangered), as this area contains no suitable nesting 
areas. 


Minor insignificant adverse impacts may occur to other 
raptor species due to the loss of 23 acres (+) of 
habitat/prey base. 


The chance for future adverse impacts is also considered 
extremely remote. The actual mine yard and hauling areas 
are far enough removed from Known habitat or sightings as 
to have a negligible impact on any species. 


Impacts to the prey base and consequently the effects on 
other raptors. should also be insignificant, given the 
small amount of area affected, other remaining existing 
habitat, and the temporary nature of operations. 


Non-Game 


Loss of 23 acres and 1.2 miles of access would destroy 
approximately 23 acres of habitat, including food, cover, 
burrowing and nesting sites of small animals as well as 
direct mortality. Impacts may be adverse, but are 
considered insignificant due to the small amount of 
habitat actually disturbed. In addition, when 
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reclamation is accomplished, it is expected, the area 
would support at least the original populations that 
existed in the predisturbed conditions. 


Increased vehicle traffic and human/wildlife encounters 
along the aligned road could result in shifts in wildlife 
use patterns and avoidance of the road area. 


Vegetation 


Negative impacts would result when the mine yard is cleared 
and graded to insure internal drainage. This impact would 
involve approximately 23 acres of vegetation in the mine yard 
plus an additional 5 acres due to the construction of 1.2 
miles of access. Although the direct impact to the area of 
disturbance is severe the overall impact is insignificant due 
to the abundance of identical habitat. 


Threatened & Endangered Species 


There would be no direct impact to any Threatened or 
Endangered or Candidate Categories (1,2) plant species as a 
result of this project. Additionally, no Threatened or 
Endangered wildlife species would be impacted. 


Human Values 


1. 


2s 


Cultural Resources 


As stated in the existing environment, no significant cultural 
resources or sites were identified during the Class III 
inventories conducted around the mine yard or the proposed 
access road. 


As a courtesy, the State Office Historical Preservation 
Officer has been sent a copies of the inventory report for 
their records. 


Due to the absence of cultural resources in the area, there is 
no known potential for indirect impacts to any known cultural 
property. 


“Socio-Economics Impacts 


This proposal should have no direct effect on the actual 
population of the local communities. EFN will utilize 
employees from the soon to be reclaimed Hack Canyon Mine. 
Some of the employees have already been hired to the Pinenut 
project. 
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Positive benefits would accrue, when additional people are 
hired from the unemployed workforce during Phase II. In 
addition, increased employment translates into continued 
support of local services not associated with mining (i.e., 
manufacturing, construction, public utilities and 
wholesale/retail trades and local tax base also). 


Further benefits would be gained by the State of Arizona and 
local counties through an increased tax base. 


Public Attitudes 


Implementing the proposed action would create no significant 
changes in public attitudes. However the intensity and extent 
to which each side is voicing their opinions is expected to 
increase. P 

There has been and still is strong local support in Kanab, 
Fredonia, Colorado City, Blanding, Monticello and Bluff for 
the proposal due to the benefits derived from employment and 
the increased tax base. This is supported by in excess of 200 
plus unsolicited letters from people, businesses and local 
government groups expressing support for the Hermit Mine and 
EFN. In addition approximately 10 unsolicited letters have 
been received requesting BLM to prepare an EIS on mining. BLM 
has responded individually to this last group of people. 
Interestingly, the letters requesting the Regional EIS were 
from residences of Washington, Oregon and New Mexico states. 


Wilderness 
The proposed action is not expected to have any direct effects 


on the Kanab Creek Wilderness Areas. Mining activities should 
not be visible or audible from the wilderness area. 


Visual Resources 


The mine yard would not be visible from the Travel Influence 
Zone on Mt. Trumbull Road. 


However, this activity would represent the first action that 
could be seen from great distances. It is suspected that the 
upper portion of the head frame may be visible from Mt. 
Trumbull Road, but should constitute only an insignificant 
adverse impact because it should not dominant the land form or 
appear on the skyline. The mine yard may be visible from a 
small portion of State Highway 389 some 12 miles to the 
North. It is doubtful the visual impacts would be recognized 
as a mining activity but only as a disturbance or group of 
structures. The visual impact at these distances would be 
minimial. ' 
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Hauling activities and fugitive dust from the mine yard should 
not create a significant adverse impacts to visibility in the 
area (see Air Quality Impact Analysis in the appendix). The 
increase in 12 trucks per day plus support activities should 
be for below that which was achieved during the production at 
the three Hack Canyon Mines. 


6. Other Values 


Ranching 


It is anticipated this action would have only a minimial 
effect on local ranching operations. If approved, EFN would 
remove their temporary water well and remove the existing tank 
to an area inside the mine yard to provide storage capacity 
for the new water well. Additionally, the windmill (permittee 
properties) would be removed to another location. EFN has 
offered the use of additional water from the new well via a 
trough outside of the mine yard which should provide the 
ranchers with a more reliable water supply than previously 
existed. 


Some ranchers may perceive a new road to the site as a 
negative impact because it opens up the area to potential 
vandalism of livestock improvements. 


Recreation 


The proposed action would have a negative effect on 
recreationists who have traditionally perceived the Mt. 
Trumbull Road as a scenic corridor and gateway to the Grand 
Canyon National Park. 


‘Generally however, this action would have no direct effect on 
the majority of recreational opportunities on the District. 


Furthermore, the very thought of new construction on the 
Arizona Strip is preceived as a major adverse impact to many 
back country users. 


+ 


Cumulative Impacts - 


With the addition of Hermit Mine, the total cumulative surface 
disturbance resulting from mining operations would be increased by 
23.6 acres. Approximately 1.2 miles of road would be upgraded. 


Total mining disturbance would equal the following: 


Mine yard access: 138.0 acres 
Miles of powerline: 38.8 miles 
New access constructed: 4.22 miles 
Access upgraded: hy 38.0 miles 


Based on the above, total cumulative disturbance from mining 
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operation results in approximately 0.005% of the entire Arizona 
Strip. It is not anticipated that the Hermit Mine would cause any 
form of cumulative impacts that would correlate with any other 
Uranium mines based on the data provided in this Environmental 
Assessment. 


For example, fugitive dust and radiological impacts are limited in 
extent to a certain periphery of the surrounding mine yard and haul 
routes. Thus those impacts do not translate into area wide impacts 
regarding air quality. 


Hauling would cause a short term impact on the Mt. Trumbull road 
for the duration that the Hermit Mine is in development or 
production. This amount of hauling would be less than that which 
occurred when the three Hack Canyon Mines were in production. 


No environmental threshold or standards should be exceeded under 
normal operations. 


VI. IMPACTS RESULTING FROM PROPOSED ALTERNATIVES 


A. 


The No Action Alternative is a continuation of existing 

conditions. The impacts would be those resultant from the original 
exploration plan of operation and none of the impacts described in 
Section V (Anticipated Impacts) would take place. 


The environmental impacts would be those resulting from the 
previously approved plan of operation and the existing exploration 
activities. Rehabilitation requirements would be those described 
in the original environmental assessment. 


Alternative 2. The Proposed Action would be approved as 
submitted. The resulting impacts would be those described in 
Section V above. 


Alternative 3. The proposed action would be approved subject to 
additional modifications, mitigation or stipulations, including but 
not limited to the following. 


ils Require use of one of two alternate access to the site (See 
Figures 11, and 12). 


The first access alternative (No. 1)-would deny use of the 
proposed access and require that EFN use the existing access 
to the site. This would necessitate approximately 3.5 
additional miles of upgraded road as well as a greater visual 
impact due to the accute angle of the intersection at Mt. 
Trumbull Rd. Several areas on this existing access would have 
to be ripped or blasted because of minor rock formations and 
ledges. This would be adverse to local wildlife populations 
because of the intensity of sound levels. Additionally, 
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slightly more fugitive dust would be dispersed into the 
airshed as a result of hauling the longer distance. Several 
large curves would also have to be straightened to fascilitate 
safety of hauling and others using the road. A greater 
amounts of culvert work would also be necessary due to 
crossing more nature drainages. 


Even though part of this access was originally constructed for 
exploration, it would not seem to be the minimum necessary (in 
terms of environmental impacts) to achieve access to the site 
for the purposes operating the mine. 


The 2nd alternative access would require upgrading of 3.5 
miles of existing road. Since the access enters south of the 
project area, additional hauling distances on Trumbull Road 
would occur, which would result in more fugitive dust. 


Each access alternative (1 and 2) would result in 3.5 and 4.5 
miles of additional disturbance (upgrading) respectively than 
would the proposed access (1.2 miles). 


Either alternative access could result in a potential increase 
in public use to other areas beyond the mine (i.e., Sunshine 
Point and Gramma Canyon, etc). While additional visitation to 
these scenic areas are not necessarily a negative impact, 
there would be a potential for increased vandalism to cultural 
sites or livestock improvements. 


The following impacts would occur on any alternative chosen. 
However the magnitude of the impact is also a function of the 
distance travelled. 


Blading would destroy vegetation completely. Heavy equipment 
would compact surface areas and consequently runoff and 
erosion would increase. The effects of which could be 
mitigated to insignificance via proper road design and 
standards. 


Access alternatives 1 and 2 would also result in greater 
negative impacts’ to small burrowing or nesting animals. 


This Alternative would require alternate Forus of transportation of 
employees to the project area. 


a. Deny bussing of employees and require use of private vehicles. 
This alternative could result in 128 vehicle trips per day 


during Phase I and slightly less than that during Phase II. 
Additionally a parking lot would be required that would add 
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additional surface disturbance and associated impacts to 
visual resources, vegetation removal, compaction/runoff, and 
erosion, wildlife and air fugitive dust quality. 


In effect this is alternative defeats the objects of reducing 
traffic volumes and eliminating surface disturbance and air 
quality impacts. 


Require personel to be transported by aircraft. 


This alternative would result in the need for additional 
surface disturbance to accomodate an air strip. The use of 
aircraft would adversely effect recreation user, Peregrine 
falcon re-establishment, livestock, safety and wildlife. It 
is also doubtful that this alternative could be required as it 
would mostly likely violate the "reasonable access" provisions 
of the General Mining Laws. (Maley). 


This Alternative would require relocation of surface facilities 
Within the mine yard. 


Because the ore body is stationary there are not many viable 
alternatives to evaluate regarding the mine yard. However some 
options were analyzed within the scope of this alternative. 


as 


Require ore piles to be located at the northern part of the 
mine yard. This alternative would result in ore storage at 
the lowest part of the mine yard. The area would be subject 
to runoff from within the yard and would preclude placement of 
the evaporation/holding pond where it would be most 
effectiving in gathering surface runoff. The potential for 
slightly more contamination of holding pond water would 
increase. In effort, this alternative would defeat the 
objective of keeping the ore piles in a topographically high 
part of the yard. 


This would preclude proper placement of ore piles and would 
also possibly effect the placement of barren waste rock. It 
would affect proper storage of top soils which must be 
protected through out the duration of operations. Buildings 
that would not be in the higher areas of the yard would be 
subject to impacts from run off within the mine yard. This 
alternative would defeat the objectives of requiring surface 
facilities to be located in a limited compact area to reduce 
surface disturbance and would effectively cut down on the 
useable space in which heavy equipment could operate (ie, ore 
stock piling, loading areas, turn around areas, etc.). 


Move the mine yard facilities within the surrounding area to 
the best suitable locations, (ie, ridge tops, flat area, etc.). 
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Require surface construction facilities to be placed along the 
east and/or west perimeters of the mine yard. 


This would increase the size of the yard significantly making 
security and safety much less efficient. The beneficial 
impacts from reducing cut and fill operations would be off set 
by the disturbance from normal operations between the selected 
areas. The resulting impact would be greater in extent to all 
of the environmental parameters; surface disturbance, water, 
wildlife, noise, flooding, vegetative, air quality, soils, 
cultural resources and visual impacts. It would be less cost 
effective and increase the potential for accidents and 
environmental contamination through the sheer increase in the 
size of the mine yard area. 


4, Other alternatives to the plan of operations include alterations 
regarding storage ponds. 


a. 


This alternative would require the construction of the Phase 
II evaporation pond during Phase I prior to any ore 
stockpiling on the surface. 


This action would result in an extra margin of safety that 
would allow for a hundred year event to be handled safely 
before any ore is stockpiled in the mine yard during Phase I. 
This would require greater surface disturbance in the mine 
yard during Phase I but because of the internal drainage 
design the impact would be insignificant. 


Require a larger or secondary overflow pond at commencement of 
Phase II. 


‘This action would eliminate the possibility that a storm 


larger than a 100 year 24 hour event would breach the storage 
capacity of the holding pond. It would reduce the possibility 
of overflow and downwash contamination. If the additional 
capacity could be obtained in the mine yard the increased 
disturbance would be insignificant. According to E.0. 11988 
the 100 year/24 hour event is the federal government's 
requirement for this action. Therefore requiring greater 
capacity storage facilities would be difficult to enforce. 


This alternative would require 0il1/gas and diesel storage 


areas to be bermed to prevent accidental impacts on and off 
site. 


This action would provide an additional safety margin to 
prevent the release of contaminated liquid. Berm material is 
available on site and would result in no additional adverse 
environmental impacts. 
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This Alternative would require rehabilitation of the temporary 
exploration access roads. 


This alternative would require the two temporary access presently 
existing to be rehabilitated. Access B (located on Figure 12) was 
the original temporary overland access to the exploration area. 
Access A was created by the permittee in the drainage area as an 
effort to utilize the temporary water source that EFN discovered 
during shallow exploration drilling. Additional positive affects 
would be the reduction of surface disturbance, increased visual 
enhancement and revegetation as well as a single restricted access 
to the mine site. 


Recommended Mitigating Measures to Enhance Environmental Protection 


Mine Yard 


1. If the protection of topsoil stockpiles becomes warranted in 
the future, EFN will consider use of a tacktifier/or asphalt 
emulsion to prevent wind erosion. 


a If protection of the stockpiled topsoil on the eastern edge of 
the yard becomes warranted because of channel or dike erosion, 
EFN will consider the use of rip rap on the edge of stockpiles 
closest to the drainage channels and dikes. 


3. EFN should ensure that diversion channels and associated dikes 
(freeboard) are properly maintained throughout the duration of 
operations. 


4, During reclaimation EFN should ensure that topsoils are 
equally distributed over the disturbed area to better insure 
proper reclamation. 


5. Should periods of prolonged drought occur, EFN should 
implement a daytime dust abatement program within the mine 
yard as approved by the authorized officer. 


6. Signs should be installed at the entrance of the mine yard and 
on Mt. Trumbull Road, to inform visitors and other land users 
that a uranium operation is in progress, in addition to the 
"No Trespassing" sign on the mine yard fences. 


7. EFN should dispose of all concrete pads by breaking them up 
and back filling them into the mine shaft. 


8. To be successfully rehabilitated, ground cover should be 


established to at least the prevailing conditions (i.e., 20 - 
30% canopy cover) and approved by the authorized officer. 
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10. 


TI. 


12; 


43; 


14. 


18. 


1. 


The following seeding mixtures and rates would be recommended: 


Fourwing salt bush 2.0 1b./acre 
Indian rice grass 2.0 1b./acre 
Sand drop seed 0.5 1b./acre 
Yellow Sweet Clover 0.5 1b./acre 
Pubescent Wheat grass 2.0 1b./acre 
Russian Wild Rye 2.0 1b./acre 

TOTAL 9.0 1b./acre 


This area would be expected to respond favorable to harrowing, 
seeding and chain dragging to cover seeds. Seedings should be 
planned to take advantage of optimum seasonal moisture 
conditions. 


If the State of Arizona's Water Permit Unit determines that an 
NPDES permit or groundwater protection permit is necessary, 
then EFN is bound to the conditions of the permit. 


EFN should report local sightings of falcon or eagle to BLM. 
Upon such a sighting, no employee will harass, harm or injure 
the specie. 


EFN should ensure that the uranium ore stockpiles will not 
exceed the size of the ore pads. 


Fuels and solvent storage area should be bermed to prevent 
accidental release of contaminated liquids. 


The evaporation pond, dike, and diversion ditches should be 
routinely maintained to insure their integrity at all times 


during the operation of the mine with appropriate 


modifications during reclamation. 


The roads and road crossings should be monitored for signs of 
erosion. If any erosional damage is detected, the same should 
be repaired by riprap or other erosion control measures. 


All disturbed areas and channel banks (when required) should 
be properly vegetated to establish satisfactory vegetation 
cover. 


Access 


All road upgrading or construction must at least conform to 
BLM standards. 


Any culverts necessary must be sized according to the expected 


maximum drainage flow and installed according to at least BLM 
standards. , 
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3. Doublewide cattleguards will be placed at the fence, 
intersected by the proposed road, for the duration of 
operations. 


4. The proposed access (if allowed) should be fully rehabilitated 
subject to the discretion of the Authorized Officer. 


5. During road construction or upgrading, no actions will be 
allowed that would have a potential to impact down wash flow, 
existing reservoirs, etc. 


6. The road that is ultimately selected as the haul route should 
be appropriately graveled to reduce air quality impacts. If 
absolutely necessary, EFN will conduct dust abatement on the 
access to the mine site. 


7. Road upgrading on that portion of the access road visible from 
Mt. Trumbull road should be limited to the minimum necessary 
to meet safety standards. This will help discourage visitor 
use of the access road that leads exclusively to the mine yard. 


8. The haul road access should intersect Mt. Trumbull road at/or 
close to 90 degree intersection to enhance safety and reduce 
visual impacts. 


Aircraft Use 


1. EFN should not utilize Kanab Creek Canyon as a flight path to 
the Hermit Mine yard. 


Radiological Impacts 


1.  .All operations at the Hermit Mine shall comply with all 
pertinent Federal and State laws regarding radiological 
impacts; including but not limited to: 


- ARS-27-31, Concentration of radon gas shall not exceed such 
amount as may be set by the mine inspector. 


- ARS-27-372, in’ all uranium operations the operator shall 
test regularly for radon daughter concentration and submit 
test records of testing as may be required by the State Mine 
Inspector. - 


- R11-1-473, smoking is prohibited where uranium is mined. 


- R11-1-472, when radon daughter contrations are above 0.1 
WL in active working ares, measurements representative of 
the workers breathing zone shall be determined. Sample 
dates, locations and results shall be determined, recorded 
and retained at the mine office for at least two years. 
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“VIII. 


IX. 


E. Visual 


1. Buildings and head frames should be painted a flat earth tone 
to be more harmonious with the existing environment. 


2. Impacts of noticeable "night lights" should be "hooded and 
directed" to throw light within the area of operations. 


F. Accidental Release 


1. In the remote event that any liquid from within the mine yard 
is released off site, EFN will take immediate actions for 
cleanup, including a final radiological assessment of the 
impacted area that will be submitted to BLM. 


If additional reports are required by the State of Arizona 
(i.e., Best management Practices Plan or Best Available 
Technology Plan), they should be forwarded to BLM. 


2. In the remote event that ore is spilled, EFN will immediately 
contact BLM and provide them with applicable reports on the 
incident, as soon as possible. 


G. Other 


1. EFN is responsible for any damages to livestock operations 
caused by their operations. 


Residual Impacts 


Until reclamation efforts prove successful, the following residual 
impacts are expected. 


Mine yard: A nominal amount of soil loss is expected until 
revegetation efforts become established. 


Access: Minor or insignificant amounts of erosion are expected until 
revegetation is successful. Visual impacts of the access are 
mostly limited to the road area itself or when passing the 
access on Trumbull road. 


Visual Resources: Results of human activity will be noticeable for 
several years, until reclamation is successful. 


Relationship Between Short Term Use and Long Term Productivity 


The short duration of this project is not expected to have any adverse 
impact on the long term productivity of the area as reclamation efforts 
are designed to return the area to approximately the prevailing 
conditions. 
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XI. 


Irreversible and Irretrievable Commitments 


As a result of this project, uranium ore will be extracted and processed 
thus constituting an irretrievable commitment. 


Agencies and People Consulted 


A. 


Mailing List Soliciting Comments 


Approximately 480 individuals, groups, organizations and agencies 
were solicited to provide comments on this EA, including individual 
and environmental interests as well as local, state and Federal 
interests. Out of 480 solicitations, approximately 180 
people/organizations, have requested the E.A. for comment. 


Agencies/Groups Consulted 


On March 17, 1987, BLM and EFN presented the Hermit mine 
plan-of-operations, on site, to the following list of agencies and 
interested parties. BLM solicited concerns from the group after 
the presentation. As of that time there were no agency concerns 
over those presented by BLM. 


BLM - Arizona 
District Staff 


Cloyd Swapp - District Geologist 

Ken Moore - Environmental coordinator 

Julian Anderson - Assist., D.M., Resources 
Bob Smith - Hydrologist 

Ron Ray - Computer/Landscape Architect 

Lee Hughes - Supervisory Range Con/T&E Specialist 
Rob Roudabush - Area Manager 

Mike Small - Wildlife management Biologist 
Ilene Anderson - Lands and Realty 

Tom Folks - Recreation/Wilderness 

Bob Sandberg - Lead Range Conservationist 
Jennifer Jack - Area Archeologist 

Timothy Duck - Wildlife Management Biologist 
Jack Johnson - Natural Resource Specialist 
Scott Spooner - Geologist 


State Office Staff 
Keith Pearson - Environmental Coordinator 
Dan McGlothlin - Hydrology/Soils 


Alan Rabinoff - Minerals 
Gary Stumpf - Archeologist 
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XII. 


1. 
2. 


Other Federal Agencies 


Grand Canyon National Park, John Ray - Resource Manager 
Grand Canyon National Park, Mike Ebersol - Tuweep Ranger/Pilot 


U.S. Fish and Wildlife Service, Don Metz - Assist. Field Supervisor 


U.S. Forest Service (N.K.R.D.), Steve Martinet - Recreation and 
and Lands Staff 


Kaibab Paiutes 


Vivian Jake - Tribal Cultural Consultant Representative 
Troy Jake - Tribal Manager 


State Agencies 

Arizona Game and Fish Dept. ~, 
Don Randall - Wildlife Manager 

Arizona Department of Health Services 


Gary Ullinsky - Environmental Health Specialist 
Miguel A. Santiago - Environmental Health Specialist 


Air Quality Dept. 

Water Quality Bureau (Northern Regional Office) 
Water Permits Unit 

Arizona State Historical Preservation Officer 
Mining Company's 

Pathfinders, Dieter Krewed] 


Rocky Mtn. Energy, W. Cary Voss 
Energy Fuels Nuclear, Brad Doores 


Grazing Permittee 


Fred Heaton 


BLM will utilize the Arizona State Clearing House to ensure the 
review of this document by all appropriate Arizona State Agencies 


and Regional Council's of Government pursuant to Executive Order 
12372. 


Source Materials 


Plan of Operations for the Hermit Project (EFNI, Feb. 1987). 
Air Quality Impact Analysis of. the Hermit Project 
(EnecoTech Inc., Feb. 1987) - 
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16. 
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18. 
19. 
20. 
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22. 
23. 


24. 


25. 
a0. 


Radiological Assessment of the Hermit Project 
(McKlveen, 1987) 

Hydrologic Evaluations For the Proposed Hermit Uranium Mine In 
Mohave County, Arizona (Dames and Moore, Feb. 1987; 

Job No. 09973-033-030). 

Hermit Mine Ground-Water Conditions 
(Dames and Moore; March 1987). 

Wildlife Inventory and Analysis; (Sigler Associates, Feb. 1987). 

Code of Federal Regulations, 43 CFR; 3809 

Code of Federal Regulations, 40 CFR; 116 
“Designation of Hazardous Substances" 

Code of Federal Regulations, 40 CFR, 122 
"National Pollutant Discharge Elimination System" 

Arizona Environmental Quality Act - An Overview 
Section B. Groundwater Quality Provisions and Water Quality 
Standards. e 
by: David S. Baron 

House Bill 2518, An Act; State of Arizona 
House of Representatives, Thirty-seventh legislature, 

Second Regular Session, 1986. 

Impacts of Uranium Mining and Milling Upon the Fish and Wildlife 
Resources of the New Mexico San Juan Basin. (Biological Services 
Program; Fish and Wildlife Service; FWS-80/56; September 1980). 

An Environmental Guide to Western Surface Mining, Part Two: 
Impacts, Mitigation and Monitoring (Biological Services Program; 


Fish and Wildlife Service; FWS/OBS-78/04; December 1977). 


Mammals of the Arizona Strip, U.S.D.0.I1., Bureau of Land Management 
(U.S.G.P.0. 1978-788-167) . 


Clayhole Habitat Management Plan 

Pinenut Final Environmental Assessment (May 1986). 

District Management Framework Plan 

Glossary of Surface Mining and Reclamation Technology, National 
Coal Association for the Coal and Environment Conference and 
Exposition; Louisville, Kentucky; October 22-24, 1974. 


Anatomy of a Mine from Prospect to Production; U.S.D.A. Forest 
Service, General lechnical Report, INI-35, Revised July 1983. 

Hacks Canyon Allotment Management Plan, for Meeks Reservoir Pasture. 

Revegetating Lands Disturbed by Mining in the Southwest. 


(U.S.D.A. - Soil Conservation Service --Portland, OR. 1977). 
Vegetative Rehabilitation and Equipment Work Shop, 
33th Annual Report; December 1585. 
Manual of Revegetation Techniques; (U.S.D.A. - Forest Service, 
May 1984 - 7100; Engineering; 8471 - 2600. 
Reclaiming Disturbed Lands; (U.S.D.A. - Forest Service, 
November 1984;2200; Range 8422-2805) 
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27. 


28. 
29. 


30. 
31. 
32. 
33, 
34. 
35, 
36. 


a7. 
38. 


Hydrologic Risk and Return Period Selection for Water Related 


Projects; (Bruce P. Van Haueven; U.S.D.0.1., BLM September 1979). 


BLM Manual 8431 - Visual Resource Contrast Rating). 
User Guide to Vegetation; U.S.D.A. - Forest Service 
eneral Technical Report INT-64 

User Guide to Hydrology; U.S.D.A. - Forest Service 
General Technical Report INT-74 

Reclaiming Disturbed Lands; U.S.D.A. - Forest Service 
November 1984; 2200-Range;8422 2805 

Upper Guide to Soils; U.S.D.A. - Forest Service 
General Technical Report INT-68 


User Guide for Mining and Reclamation; Wildlife; U.S.D.A. - Forest 
Services General Technical Report INT-126 

User Guide to Engineering; U.S.D.A. - Forest Service 
General Technical Report INT-70 

Proceedings of the Uranium Mining and Milling Workshop, Biological 
Services Program; FuS/OBS-B0-57 August 380 

Opportunities for U.S. Fish and Wildlife Initiatives 
Relating to Uranium Mining and Milling in The Western 
United States (by: Gerald C. Horak et al.; Enviro Control, Inc., 
Fort Collins, Colorado). 

Canyon Mine EIS; U.S.D.A. - Forest Service 


Jackpile-Paguate-Uranium Mine Reclamation Project EIS - 1985 
(U.S.D.0.I. - BLM February 1985). 
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“18000 W. STH AVE. SUITE 300. GOLDEN. COLORADO 80401 PHONE (303) 277-1687 


22-May-91 
Don Pilmor 
ENERGY FUELS NUCLEAR Page: 
P.O. Box 36 Copy: 1 of 
Fredonia, AZ 86022 Set : 
Attn: Received: |G }May=9) 10:06 
Project: Hermit Min PO #: 

b: 91830 tatus: a 


| Sample Type: Water 


Alkalinity HCO3 cO3 cl pH Specific 
as Caco3 as CacO3 as Cac03 Conductance 
Sample mg/l mg/l mg/l nq/l unit umho/cm 
HER100 162 162 <1 40 71-56 2580 
TDS TSS NO3 as N PO4 $04 $io2 
Sample mg/l mg/l mg/l ma/l mg/l mg/l 
HER100 3360 17 <O.1 <0:51. 2270 12.7 
Ag As Ba Ca cd cr 
Total Total Total Total Total Total 
Sample mg/l mg/l mg/l mg/l mg/l mg/l 
HER100 <0.01 <0.001 0.01 579 0.009 0.01 
Cu F Fe Pb Mg Mn 
Total Total Total Total Total 
Sample mg/l ma/l mg/l mg/l mg/l mg/l 
HER100 <0.01 1.5 7.07 <0.02 191 0.09 
Hg K Se Na zn 
Total Total Total Total Total 
Sample mg/l mg/l maq/l mg/l mg/l 
HER100 <0.0002 via ae <0.001 Ted <0.005 
Gross Alpha Error Gross Beta Error Ra-226 Error 
Total Total Total 
Sample pci/l 20 pci/l 20 pci/l 20 
HER100 B00 207 


Hermit Mine Clean Closure 

International Uranium (USA) Corp 

Energy Fuels Nuclear, Inc. 
Inventory #100299 
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Don Pilmor 

ENERGY FUELS NUCLEAR 
P.O. Box 36 
Fredonia, AZ 86022 


Attn: 3-May~-91 10:06 
Project: Hermit Min PO #: 
Job: 91830E Status: Final 
{ Sample Type: Water 
Th-230 Error U 
Total Total 


Received: 


Sample pci/l 20 mq/l 


HER100 


0.0 +0.5 0.0016 


Mootina Tho Analutical Challonane Of A Chanaina Wavld 
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22-May-91 

Don Pilmor 

ENERGY FUELS NUCLEAR Page: 3 
P.O. Box 36 Copy: 1of 3 
Fredonia, AZ 86022 Set : 1 
Attn: Received: 3-May-91 10:06 
Project: Hermit Min PO #: 

ob: 91830E atus: na 


| 


Abbreviations: 


Parameters: 
HCO3 : Bicarbonate 
CO3 : Carbonate 
cl : Chloride 
TDS : Total Dissolved Solids 
TSS : Total Suspended Solids 
: Nitrate 
: Phosphate 
$04 : Sulfate 
$io02 : Silica 
Ag : Silver 
As : Arsenic 
Ba : Barium 
Ca : Calcium 
cd : Cadmium 
Cr : Chromium 
Cu : Copper 
F : Fluoride 
Fe : Iron 
Pb : Lead 
Mg : Magnesium 
Mn ; Manganese 
Hg : Mercury 
K : Potassium 
Se : Selenium 
Na : Sodium 
Zn ; Zine 
Ra-226 : Radium-226 


Thorium-230 


NO3 as N 
A PO4 
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Don Pilmor 
ENERGY FUELS NUCLEAR Page: 4 
P.O. Box 36 Copy: 1o0f 3 
Fredonia, AZ 86022 Set : 1 
Attn: Received: 3-May-91 10:06 
Project: Hermit Min PO #: 
Job: 91830E Status: Final 

U : Uranium 
Units: 

mg/1 : milligrams per liter 

umho/cm : micromhos per centimeter at 25C 

pci/l : picoCuries per liter 

20 : Counting error at the 95% confidence level, 20 


Quality control: 
< : less than 
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BARRINGER LABORATORIES INC. 


15000 W. 6TH AVE.. SUITE 300. GOLDEN, COLORADO 80401 PHONE (303) 277-1687 


Don Pilmor 

ENERGY FUELS NUCLEAR 
P.O. Box 36 
Fredonia, AZ 86022 


22-May-91 
Page: y E 
Copy: l1of 3 
Set : 1 


Attn: Received: 3-May-91 10:06 
Project: Hermit Min PO #: 
eb: Ss: inal 
QUALITY CONTROL REPORT 
Sample Type: Water 
Alkalinity HCO3 Co3 cl 
as Cac03 as CacO3 as CaCc0O3 

Sample Id mg/l mg/l mg/l mg/l 
Duplicate 192 192 <1 28 
Duplicate 192 192 «3 28 
Duplicate % diff. 0.0 0.0 0.0 0.0 
Std (actual value) --- --- --- 58 
Std (expected value) --- --- --- 50 
Std % diff. --- --- --- 16 
Blank --- --- --- --- 
Spike Recovery % --- --- --- 109 

pH Specific TDS TSS 
Conductance 

Sample Id unit umho/cm mg/l mq/l 
Duplicate 7.56 “= 3360 17 
Duplicate 7.56. --- 3360 17 
Duplicate % diff. 0.0 --- 0.0 0.0 
Std (actual value) --- 1420 1770 onion ne 
Std (expected value) --- 1413 1742 “<< 
sta % aiff. —— 0.5 1.6 ieee 
Blank --- --- --- --- 
Spike Recovery % --- --- --- --- 

NO3 as N PO4 S04 $i02 

Sample Id mg/l mq/l mq/l mg/l 
Duplicate 0.7 <0.1 2330 9.38 
Duplicate 0.7 <0.1 2320 10.6 
Duplicate % diff. 0.0 0.0 0.2 6.1 
Std (actual value) 2.06 0.54 1300 1.23 
Std (expected value) 1.98 0.50 1234 1.19 
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Don Pilmor 

ENERGY FUELS NUCLEAR 
P.O. Box 36 
Fredonia, AZ 86022 


PHONE (303) 277-1687 


22-May-91 
Page: 2 
Copy: l1of 3 
Set ; a 


Attn: Received: 3-May-91 10:06 
Project: Hermit Min PO #: 
ob: 30E tus: Final 
QUALITY CONTROL REPORT 
Sample Type: Water 
NO3 as N PO4 S04 $io2 
Sample Id mqa/l ss es ae: eS 
Std % diff. 4 8 503 3.4 
Blank --- --- --- --- 
Spike Recovery % 112 83 --- * 
Ag As Ba Ca 
Total Total Total Total 
ample mg/l maq/l mg/l] = _s_mg/l_ 
Duplicate <0.01 <0.001 <0.01 438 
Duplicate <0.01 <0.001 <0.01 510 
Duplicate % diff. 0.0 0.0 0.0 7.6 
Std (actual value) 1.00 0.110 1.10 237 
Std (expected value) 0.97 0.100 1.02 250 
Std % diff. Sel 10 7.8 5.2 
Blank --- --- --- --- 
Spike Recovery % 90 76 113 94 
Cd cr Cu F 
Total Total Total 
eee ne ee ee 
Duplicate <0.005 <0.01 <0.01 --- 
Duplicate <0.005 <0.01 <0.01 --- 
Duplicate % diff. 0.0 0.0 0.0 --- 
Std (actual value) 0.217 0.206 0.199 10.0 
Std (expected value) | 0.200 0.200 0.200 10.0 
Std % aiff. 8.5 3.0 0.5 0.0 
Blank --- --- --- --- 
Spike Recovery % 95 93 90 90 
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Don Pilmor 
ENERGY FUELS NUCLEAR 
P.O. Box 36 


Fredonia, AZ 86022 


Attn: 
Project: Hermit Min 


Job: 91830E Status: Final 


” BARRINGER LABORATORIES INC 


"$8000 W. 8TH AVE., SUITE 300, GOLDEN, COLORADO 80401 


PHONE (303) 277-1687 


22-May-91 
Page: 
Copy: 1 of 
Set : 
Received: 3-May-91 


PO #: 


QUALITY CONTROL REPORT 


H 


Fe 
Total 
Sample Id ma/l 
Duplicate 4.18 
Duplicate 4.96 
Duplicate % diff. 8.5 
Std (actual value) 0.184 
Std (expected value) 0.200 
Std % diff. 8.0 
Blank “<< 
Spike Recovery % 92 
Hg 
Total 
Sample Id mg/l 
Duplicate <0.0002 
Duplicate <0.0002 
Duplicate % diff. 0.0 
Std (actual value) 0.0049 
Std (expected value) 0.0050 
Std % diff. 2.6 
Blank --- 
Spike Recovery % 116 
zn 
Total 
Sample Id mg/l 
Duplicate 0.014 
Duplicate 0.014 
Duplicate % diff. 0.0 
Std (actual value) 0.193 
Std (expected value) 0.200 


RM ian Be Bsa cali ol AI ID as ye 


Sample Type: Water 


Pb Mg Mn 
Total Total Total 
ma/l mq/l mqa/l 
<0.02 221 0.04 
<0.02 258 0.04 
0.0 Tek 0.0 
0.191 2.02 0.202 
0.200 2.00 0.200 
4.5 1.0 1.0 
75 97 89 
K Se Na 
Total Total Total 
_mg/]_ _ maf) mg/l 
25.8 <0.001 189 
S162 <0.001 226 
9.5 0.0 8.9 
11.3 22 240 
10.6 25 250 
6.6 12 4.0 
105 76 102 
Gross Alpha Error Gross Beta Error 
Total Total 
pci/sl 20 pci/l 20 
0 +28 27 +18 
5 +28 29 +18 
100 = 3.6 --- 
202 +5 104 +2 
206 --- 106 --- 
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BARRINGER LABORATORIES INC. 
15000 W. 6TH AVE., SUITE 300. GOLDEN. COLORADO 80401 PHONE (303) 277-1687 
| 22-May-91 
Don Pilmor 
ENERGY FUELS NUCLEAR ‘ Page: 4 
| P.O. Box 36 Copy: 1of 3 
Fredonia, AZ 86022 Set ;: 1 
i Attn: Received: 3-May-91 10:06 
Project: Hermit Min PO #: 
i‘ Job: 91830E Status: Final 
QUALITY CONTROL REPORT 
| 
i Sample Type: Water 
zn Gross Alpha Error Gross Beta Error 
¢ Total Total Total 
Sample Id mg/l pci/l 29g pci/l 20 
Blank --- 0.0 +0.2 0.4 +0.4 
Spike Recovery % 88 --- --- -—= --- 
E Ra-226 Error Th<-230 Error U 
Total Total Total 
Sample Id pci/l 20 pci/l 20 mg/l 
| Duplicate 22 +3 0.0 +0.5 0.0021 
Duplicate 22 +3 0.0 +0.6 0.0020 
. Duplicate % diff. 0.0 --- 0.0 --- 2.4 
' §td (actual value) 105 +4 50% 23 33 
Std (expected value) 101 <a 98 a 34 
Std % diff. 4.0 --- Sak --- ae 
| Blank 0.0 +0.2 0.0 20.2 <0.0003 
Spike Recovery % --- --- --- --- --- 
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@ BARRINGER LABORATORIES INC 


"15000 W. 6TH AVE., SUITE 300, GOLDEN. COLORADO 80401 PHONE (303) 277-1687 
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22-May-91 
Don Pilmor 
ENERGY FUELS NUCLEAR Page: 5 
P.O. Box 36 Copy: 1of 3 
Fredonia, AZ 86022 Set : i 
Attn: Received: 3-May-91 10:06 
Project: Hermit Min PO #: 

ob: 1 atus: Final 


QUALITY CONTROL REPORT 
H 


Abbreviations: 


Parameters: 

HCO3 : Bicarbonate 

co3 : Carbonate 

cl : Chloride 

TDS : Total Dissolved Solids 
: Total Suspended Solids 
: Nitrate 

PO4 : Phosphate 

S04 : Sulfate 

$io2 ¢ Silica 

Ag : Silver 

As : Arsenic 

Ba : Barium 

Ca : Calcium 

cd : Cadmium 

cr : Chromium 

Cu : Copper 

F : Fluoride 

Fe : Iron 

Pb : Lead 

Mg : Magnesium 

Mn : Manganese 

Hg : Mercury 

K : Potassium 

Se : Selenium 

Na : Sodium 

zn : Zinc 


: Radium-226 
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Meeting The Analytical Challenges Of A Changing World 


” BARRINGER LABORATORIES INC 


"15000 W. 6TH AVE., SUITE 300, GOLDEN, COLORADO 80401 PHONE (303) 277-1687 


22-May-91 
Don Pilmor 
ENERGY FUELS NUCLEAR Page: 6 
P.O. Box 36 Copy: 1 of 3 
Fredonia, AZ 86022 Set : 1 
Attn: Received: 3-May-91 10:06 
Project: Hermit Min PO #: 


fo) > ae 2 1) | a 2.) | 


QUALITY CONTROL REPORT 
| 


Th-230 : Thorium-230 
U : Uranium 
Units: 
mg/l : milligrams per liter 
pmho/cm : micromhos per centimeter at 25C 
pci/l : picoCuries per liter 
20 : Counting error at the 95% confidence level, 20 


Quality control: 


* Sample > 4 times spiked value. 


we less than 


Approved 
Quality Assurance Department 


Meeting The Analytical Challenges Of A Changing World 
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[ * BARRINGER LABORATORIES INC. 
15000 W. 6TH AVE., SUITE 300, GOLDEN. COLORADO 80401 PHONE (303) 277-1687 
i 22-May-91 
Don Pilmor 
ENERGY FUELS NUCLEAR Page: 7 
P.O. Box 36 Copy: 1of 3 
Fredonia, AZ 86022 
| Attn: Received: 3-May-91 10:06 
Project: Hermit Min PO #: 
| Job: 830 atus: Final 
QUALITY CONTROL REPORT 
: 
a QUALITY CONTROL DATA 8HEET 
i Received by: ljb Via: UPS 
| Sample Container Type: lg cu, L cu 
Sample Type: water 
Preservative When Received: 1. HNO3 2. H2S04 3. None 
i Additional Lab Preparation: none 
Preser- Date(s) of 
| Parameter Ref Method LLD vative Analyst Analysis 
A Alkalinity 1 210.1 1 mg/l 3 Sprague 5/7 
HCO3 “i! 210.1 1 mg/l 3 Sprague 5/7 
cO3 1 210.2 1 mg/l 3 Sprague 5/7 
Ci i 325.2 1 mg/l 3 Kidwell 5/7 
i pH | 22062. .01 unit 3 Sprague 5/7 
Specific ; 120.1 .001 pmho/cm 3 Ryman 5/15 
TDS | 160.1 4 mg/l 3 Swanson 5/7 
5 TSS 1 160.2 4 ng/l 3 Swanson aS 7 
NO3 as N 1 353.1 -1 ng/l 2 Anshutz 5/10 
PO4 1 365.1 -1 mg/l =| Anshutz 5/10 
i So4 i 375.3 4 ng/l 3 Swanson 5/7 
$io2 2 200.7 -0O1 mg/l 1 Gilleland 5/16 
Ag 1 200.7 -01 mg/l 1 Gilleland 5/16 
As 1 206.2 001 mg/l a Sprague 5/9 
g Ba 1 200.7 -01 mg/l y | Gilleland 5/16 
Ca 1 200.7 01 ng/l 1 Gilleland 5/16 
Cd 1 200.7 .005 mg/l 1 Gilleland 5/16 
| Cr 1 200.7 .01 mg/l 1 Gilleland 5/16 
Cu 1 200.7 01 mg/l 1 Gilleland 5/16 
F 1 340.2 .1 mg/l 3 Pottruff 5/8 
i Fe 1 200.7 .01 mg/l a Gilleland 5/16 
Pb 1 200.7 .02 mg/l 1 Gilleland 5/16 


Meeting The Analytical Challenges Of A Chaneine World 


) 18000 W 6TH AVE. SUITE 300. GOLDEN. COLORADO 80401 PHONE (303) 277-1687 


22-May-91 
Don Pilmor 
ENERGY FUELS NUCLEAR Page: 8 
P.O. Box 36 Copy: 1of 3 
Fredonia, AZ 86022 
Attn: Received: 3-May-91 10:06 
Project: Hermit Min PO #: 

H us: na 
; QUALITY CONTROL REPORT 

Mg 1 200.7 -O1 mg/l 1 Gilleland 5/16 
Mn 1 200.7. .01 mg/l 1 Gilleland 5/16 
Hg 1 270.2 .0002 mg/l 1 Gilleland 5/10 
4 1 200.7 .5 mg/l 1 Gilleland 5/16 
Se 1 270.2 .001 mg/l 1 Sprague 5/10 
Na i 200.7 -O1 mg/l 1 Gilleland 5/16 
zn 1 200.7 .005 mg/l 1 Gilleland 5/16 
Ra-226 4,7,14 SM-705 0.2 pci/l 1 Seidel 5/16-5/21 
Th-230 ii --- 0.2 pci/l i Ortiz 5/7-5/14 
U 4,9,10,14 ASTMD2907 0.3 mg/l 1 Meyer §/16-5/17 


B cc: Bill Almas, ENERGY FUELS NUCLEAR 
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BARRINGER LABORATORIES INC. 


15000 W. 6TH AVE.. SUITE 300, GOLDEN. COLORADO 80401 PHONE (303) 277-1687 
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2-May-91 
Larry Casebolt ax 
ENERGY FUELS NUCLEAR : Page: 1 
P.O. Box 36 WY 10 Copy: lof 3 
Fredonia, AZ 86022 Set : 1 
na RA Oe 
Attn: Received: 5-Apr-91 09:07 
Project: Hermit Mine Water PO #: 
: t : a 
Sample Type: Water 
Alkalinity HCO3 co3 cl pH Specific 
as Caco3 as CacO3 as CaCc0O3 Conductance 
Sample mg/l mg/l ma/l mg/l unit umho/cm 
HERO94 154 154 <1 41 6.84 2440 
TDS NO3 as N PO4 S04 $io2 Ag 
Total 
Sample mg/l mg/l mg/l mg/l mq/l ma/l 
HERO94 3250 <0.1 <0..1 2290 12.6 <0). O1 
As Ba Ca cd Cr Cu 
Total Total Total Total Total Total 
Saepls wash... 2s. e/a, ee. 
HERO94 0.002 0.021 513 <0.005 <0.01 <0.01 
F Fe Pb Mg Mn Hg 
Total Total Total Total Total 
Sample mg/l mg/l mg/l mg/l mg/l mg/l 
HERO94 a6 6.41 <0.02 161 0.09 <0.0002 
K Se Na Zn Gross Alpha Error 
Total Total Total Total Total 
Sample mq/l mg/l mg/l mg/l pci/l 20 
HERO94 20:7 <0.002 68.6 <0.005 TL, 231 
Gross Beta Error Ra-226 Error Th-230 Error U 
Total Total Total Total 
Sample pci/l 20 pci/l 20 pci/l 20 mg/l 
HERO94 22 £15 2.4 £025 0.0 20.4 0.0027 
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DCBARRINGER LABORATORIES INC 


) 15000 W. 6TH AVE.. SUITE 300, GOLDEN. COLORADO 80401 PHONE (303) 277-1687 
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2-May~-91 
Larry Casebolt 
ENERGY FUELS NUCLEAR Page: 2 
P.O. Box 36 Copy: 1o0f 3 
Fredonia, AZ 86022 Set : 1 
Attn: Received: 5-Apr-91 09:07 
Project: Hermit Mine Water PO #: 
Job: 91654E Status: Final 


Abbreviations: 
Parameters: 


HCO3 : Bicarbonate 
CO3 : Carbonate 
Gy : Chloride 
TDS : Total Dissolved Solids 
NO3 as N : Nitrate 
PO4 : Phosphate 
S04 : Sulfate 
$io2 : Silica 

Ag : Silver 

As : Arsenic 

Ba : Barium 

Ca : Calcium 

Cd : Cadmium 

cr : Chromium 
Cu : Copper 

F : Fluoride 
Fe : Iron 

Pb : Lead 

Mg : Magnesium 
Mn : Manganese 
Hg : Mercury 

K : Potassium 
Se : Selenium 
Na : Sodium 

zn ¢ Zine 
Ra-226 : Radium-226 
Th-230 : Thorium-230 
U : Uranium 


2 erenaremmngrcnrre arpereme encenrae ener ee —— 
cer were EN S Be RAS SE NIT 


BARRINGER LABORATORIES INC. 


18000 W. 6TH AVE., SUITE 300, GOLDEN. COLORADO 80401 PHONE (303) 277-1687 


2-May-91 

Larry Casebolt 
ENERGY FUELS NUCLEAR Page: 3 i 
P.O. Box 36 Copy: 1of 3 ' 
Fredonia, AZ 986022 Set : 5 
Attn: Received: 5-Apr-91 09:07 
Project: Hermit Mine Water PO #: 

b; tus: a 

| 

Units: 

mg/l : milligrams per liter 

Emho/cm : micromhos per centimeter at 25C 

pci/l : picoCuries per liter 

20 : Counting error at the 95% confidence level, 20 


Quality control: 
< : less than 
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Larry Casebolt 
ENERGY FUELS NUCLEAR 
P.O. Box 36 
Fredonia, AZ 86022 


( BARRINGER LABORATORIES INC 


~ 1000 W. 6TH AVE.. SUITE 300, GOLDEN, COLORADO 80401 PHONE (303) 277-1687 
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3-May-91 
Page: 1 
Copy: lof 3 
Set ; 1 


Attn: Received: 5-Apr-91 09:07 
Project: Hermit Mine Water PO #: 
ob; 5 tus: na 
; QUALITY CONTROL REPORT 
Sample Type: Water 
Alkalinity HCO3 co3 cl 
as CacO3 as CcacO3 as CaCcO3 
Sample Id mg/l mg/l mg/l mg/l 
Duplicate 154 154 <1 41 
Duplicate 154 154 ed 41 
Duplicate % diff. 0.0 0.0 0.0 0.0 
Std (actual value) --- --- --- 52\.5 
Std (expected value) --- --- --= 50 
Std % diff. --- --- --- 5 
Blank --- --- --- oe 
Spike Recovery % --- --- --- ase 
pH Specific TDS NO3 as N 
Conductance 
Sample Id unit umho/cm mqa/l mg/l 
Duplicate 6.84 2443 3250 <0.1 
Duplicate 6.84 2467 3130 <0.1 
Duplicate % diff. 0.0 1,8 ia3 0.0 
Std (actual value) ma am 1420 1.95 
Std (expected value) -<-- ene 1479 1.98 
Sta 4 diff. “== <= 3.9 isd 
Blank --- --- “<= --- 
Spike Recovery % --- --- --- seen 
PO4 S04 $io2 Ag 
Total 
Sample Id mg/l mq/l maq/l mg/l 
Duplicate <0.1 2290 12.6 <0.01 
Duplicate <0.1 2380 12.6 <0.01 
Duplicate % diff. 0.0 1.9 0.0 0.0 
Std (actual value) 0.52 1054 1.14 0.97 
Std (expected value) 0.50 1000 1°19 0.97 


DICBARRINGER LABORATORIES INC 


18000 W. 6TH AVE., SUITE 300, GOLDEN. COLORADO 80401 PHONE (303) 277-1687 


3-May-91 
Larry Casebolt 
ENERGY FUELS NUCLEAR Page: 2 
P.O. Box 36 Copy: 1of 3 
Fredonia, AZ 86022 Set : 1 
Attn: Received: 5-Apr-91 09:07 
Project: Hermit Mine Water PO #: 
JOpt 916540 tatus: 


QUALITY CONTROL REPORT 


' 
‘ 


Sample Type: Water 


PO4 S04 $io2 Ag 
Total 
Sample Id mg/l mg/l mg/l mg/l 
Std % diff. 4 5.4 4.2 0.0 
Blank --- --- ae = 
Spike Recovery % _—- --- * 82 
As Ba Ca cd 
Total Total Total Total 
Sample Id na/l mq/l mg/l mg/l 
Duplicate 0.002 0.01 513 <0.005 
Duplicate 0.002 0.01 516 <0.005 
Duplicate % diff. 0.0 0.0 0.3 0.0 
Std (actual value) 0.093 1.07 1.91 0.192 
Std (expected value) 0.100 1.02 2.00 0.207 
Std % diff. 7.0 5.0 4.5 Tea 
Blank --- --- --- --- 
Spike Recovery % --- 96 * 103 
cr Cu F Fe 
Total Total Total 
Sample Id ma/l mq/1l mg/l ma/l 
Duplicate <0.01 <0.01 AuG 6.41 
Duplicate <0.01 <0.01 1.6 6.42 
Duplicate % diff. 0.0 0.0 0.0 Pee 
Std (actual value) 0.183 0.187 10.1 0.196 
Std (expected value) 0.200 0.200 10.1 0.200 
Std % diff. 8.5 6.5 0.0 200 
Blank --- --- --- --- 
Spike Recovery % 97 96 100 * 
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BARRINGER LABORATORIES INC. 


18000 W. 6TH AVE.. SUITE 300, GOLDEN. COLORADO 80401 PHONE (303) 277-1687 
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3-May-91 
Larry Casebolt 
ENERGY FUELS NUCLEAR Page: 3 
P.O. Box 36 Copy: 1of 3 
Fredonia, AZ 86022 Set : 1 
Attn: Received: 5-Apr-91 09:07 


Project: Hermit Mine Water PO #: 


' QUALITY CONTROL REPORT 


Sample Type: Water 


Pb Mg Mn Hg 
a Total Total Total Total 
Sample Id ma/l mq/l mg/l _ MG72 
a Duplicate <0.02 161 0.09 <0.0002 
Duplicate <0.02 161 0.08 <0.0002 
Duplicate % diff. 0.0 0.0 5.9 0.0 
i Std (actual value) 0.196 1.83 0.193 0.0050 
Std (expected value) 0.200 2.00 0.200 0.0050 
Std % diff. 2.0 8.5 32D 0.0 
Blank --- --- --- --- 
a Spike Recovery % 98 * 96 100 
K Se Na zn 
a Total Total Total Total 
Sample Id mg/l mg/l mq/l mg/l 
e Duplicate 20.7 <0.002 68.6 <0.005 
Duplicate 20.6 <0.002 68.1 <0.005 . 
Duplicate % diff. 0.2 0.0 0.4 0.0 
Std (actual value) 11.4 0.027 1.18 0.193 
4 Std (expected value) 10.6 0.025 1.12 0.200 
Std % diff. 7.5 8.0 5.4 3.5 
Blank --- --- --- --- 
: Spike Recovery % 103 --- * 100 
Gross Alpha Error Gross Beta Error 
a Total Total 
Sample Id pci/l 20 pci/l 20 
Duplicate 28 +15 20 +8 
f Duplicate 25 +16 26 +9 
Duplicate % diff. 5.7 --- 13 --- 
Std (actual value) 186 +5 108 +2 
| Std (expected value) 206 --- 106 --- 
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BARRINGER LABORATORIES INC. 


15000 W. 6TH AVE., SUITE 300, GOLDEN. COLORADO 80401 PHONE (303) 277-1687 


Larry Casebolt 
ENERGY FUELS NUCLEAR 
P.O. Box 36 


Fredonia, AZ 86022 


Attn: Received: 


Project: Hermit Mine Water PO #: 


‘ QUALITY CONTROL REPORT 
Sample Type: Water 


Gross Alpha Error Gross Beta Error 


Spike Recovery % 


3-May-91 
Page: 
Copy: of 


Set : 


wwe 


5-Apr-91 09:07 


Total Total 
Sample Id pci/l 20 pci/l 20 

Std % aiff. 9.7 --- 1.9 --- 
Blank 0.0 +0.2 0.0 +0.3 
Spike Recovery % --- --- --- --- 

Ra-226 Error Th-230 Error U 

Total Total Total 
ee Tt elth 228... . BZ... 
Duplicate Dek Oe 0.0 +0.6 0.438 
Duplicate 2.5 +0.8 Q:..0:20.6 0.438 
Duplicate % diff. 8.7 --- 0.0 --- 0.0 
Std (actual value) $5 22 104 +3 35 
Std (expected value) 101 --- 98 “= 34 
Std % diff. 5.9 --- 6.1 --- 2.9 
Blank 0.0 £0.22 0.0 40.2 <0.0003 
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‘4 ARRINGER LABORATORIES INC. 


) 15000 W. 6TH AVE., SUITE 300, GOLDEN, COLORADO 80401 PHONE (303) 277-1887 


Larry Casebolt 
ENERGY FUELS NUCLEAR 
P.O. Box 36 
Fredonia, AZ 86022 


Attn: Received: 
Project: Hermit Mine Water PO #: 


QUALITY CONTROL REPORT 


b Vv Ss: 

Parameters; 
HCO3 : Bicarbonate 
CO3 : Carbonate 
cl : Chloride 
TDS : Total Dissolved Solids 
NO3 as N : Nitrate 
PO4 : Phosphate 
S04 : Sulfate 
$io2 : Silica 
Ag : Silver 
As : Arsenic 
Ba : Barium 
Ca : Calcium 
Ca : Cadmium 
cr : Chromium 
Cu : Copper 
F : Fluoride 
Fe : Iron 
Pb : Lead 
Mg : Magnesium 
Mn ; Manganese 
Hg : Mercury 
K : Potassium 
Se : Selenium 
Na : Sodium 
zn : Zinc 
Ra-226 : Radium-226 
Th-230 : Thorium-230 


3-May-91 


Page: 5 


Copy: 1 of 3 
Set ; 1 


5-Apr-91 09:07 
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YZ BARRINGER LABORATORIES INC 


Larry Casebolt 
ENERGY FUELS NUCLEAR 
P.O. Box 36 
Fredonia, AZ 86022 


18000 W. 6TH AVE., SUITE 300, GOLDEN. COLORADO 80401 


Received: 


PHONE (303) 277-1687 


3-May~-91 
Page: 6 
Copy: 1of 3 
Set ; 1 


5-Apr-91 09:07 


Attn: 
Project: Hermit Mine Water PO #: 
QUALITY CONTROL REPORT 
U : Uranium 
Units: 
mg/l : milligrams per liter 
pmho/cm : micromhos per centimeter at 25C 
pci/l : picoCuries per liter 
20 : Counting error at the 95% confidence level, 20 
Quality control: 
* Sample > 4 times spiked value. 


: less than 


Approve 
Quality Assurance Department 
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BARRINGER LABORATORIES INC. 
1§000 W. 6TH AVE. SUITE 300, GOLDEN, COLORADO 80401 PHONE (303) 277-1687 
a 3-May-91 
Larry Casebolt 
ENERGY FUELS NUCLEAR Page: 7 
é P.O. Box 36 Copy: 1of 3 
Fredonia, AZ 86022 
t Attn: Received: 5-Apr-91 09:07 
Project: Hermit Mine Water PO #: 
fi : : tatus: na 
: QUALITY CONTROL REPORT 
7 QUALITY CONTROL DATA 8HEET 
i Received by: gr Via: UPS 
| Sample Container Type: lg cu, L cu 
Sample Type: water 
Preservative When Received: 1. HNO3 2. H2S04 3. None 
i Additional Lab Preparation: none 
Preser- Date(s) of 
i Parameter Ref Method LLD vative Analyst Analysis 
fl Alkalinity 1 210.1 1 mg/l 3 Sprague 4/12 
HCO3 1 210.1 1 ng/l 3 Sprague 4/12 
CO3 1 210.1 1 mg/l 3 Sprague 4/12 
cl 1 325:..2 1 ng/l 3 Anshutz 4/23 
i pH | i 21041 .O1 unit 3 Sprague 4/12 
Specific 1 120.1 001 pmho/cm a Anshutz 4/29 
TDS 1 160.1 4 mg/l 3 Sprague 4/17 
[ NO3 as N 1 353.1 -1l ng/l 2 Anshutz 4/16 
PO4 1 365.1 .1 mg/l 3 Anshutz 4/9 
S04 1 375.3 4 mg/l 3 Sprague 4/17 
ij $io2 1 200.7. .01 ng/l 1 Hidalgo 4/10 
Ag 1 200.7. .01 mg/l 1 Hidalgo 4/10 
As 1 206.2 .001 mg/l 1 Gilleland 4/8 
() Ba 1 200.7. .01 mg/l 1 Hidalgo 4/10 
Ca 1 200.7. .01 mg/l 1 Hidalgo 4/10 
Cd i 200.7 005 mg/l 1 Hidalgo 4/10 
cr 1 200.7 .0O1 mg/l 1 Hidalgo 4/10 
i Cu 1 200.7 01 mg/l i Hidalgo 4/10 
F i: 340.2 -1 mg/l 3 Sprague 4/10 
Fe 1 200.7 01 mg/l 3 Hidalgo 4/10 
i Pb 1 200.7  .02 ng/l 1 Hidalgo 4/10 
Mg 1 200.7 01 mg/l 1 Hidalgo 4/10 


Ra wAdtewen Ties A vietivetngl fb tle da Dt A CoE Se 3S BFE 


, 


15000 W. STH AVE., SUITE 300, GOLDEN. COLORADO 80401 


Larry Casebolt 
ENERGY FUELS NUCLEAR 
P.O. Box 36 


Fredonia, AZ 86022 


Attn: 


Project: Hermit Mine Water PO #: 


QUALITY CONTROL REPORT 


Mn 1 200.7 -01 mg/l 1 
Hg 1 245.1 .0002 mg/l 1 
K 1 200.7 -5 mg/l 1 
Se 1 270.2 .001 mg/l 1 
Na 2 200.7 -01 mg/l 1 
zn 1 200.7 005 mg/l 1 
Gross Alph 4 900.0 1.0 pci/l Z 
Gross Beta 4 900.0 2.0 pci/i 1 
Ra-226 4,7,14 SM-705 0.2 pCci/l 1 
Th-230 5 & | --- O.2 pois) 1 
U 4,9, 10,14 ASTMD2907 0.3 mg/l 1 


cc: Bill Almas, ENERGY FUELS NUCLEAR 


Moatina Tha Aualuesnal Challananc OFA Chaunaiun 


Received: 


¢ BARRINGER LABORATORIES INC. 


PHONE (303) 277-1687 


3-May-91 
Page: 8 
Copy: l1of 3 


Hidalgo 
Gilleland 
Hidalgo 
Gilleland 
Hidalgo 
Hidalgo 
Seidel 
Seidel 
Howard 
Ortiz 
Meyer 


Us aclda 


5-Apr-91 09:07 


4/11-4/18 
4/11-4/18 
4/21-4/26 
4/10-4/16 
4/29 


a. 


~~. 


15000 W. 6TH AVE., SUITE 300 


BARRINGER LABORATORIES INC. prone 00) 2771687 


1-Feb-91 
Bill Almas ~ = 
ENERGY FUELS NUCLEAR R E C L 4 V wu WU Page: ab 
One Tabor Center — Copys .<3° of 32 
1200 17th Street FEB -6 i941 Set : 1 
Suite 2500 
Denver, CO 80202 LANDMARK 
Attn: Received: 26-Oct-90) 15:23 
Project: PO #: 
Job: 903500E Status: Final 
AMENDED REPORT 
Sample Type: Water 
Alkalinity CO3 HCO3 joa PH Specific TDS 

as CacCO3 as CaCcO3 as CaCc03 Conductance 
Sample mg/l mg/l mg/l mg/l _unit umho/cm mg/l 
HERO73 161 <1 161 40 7.38 3470 3380 

TSS NO3 as N PO4 as P S04 $i02 As Ba 

Total Total 
Sample mg/1 mg/l mg/l mg/l mg/l mg/l mg/l 
HERO73 <4 <0O.1 <0.1 1830 13's0 0.002 0.01 
Ca cd cr Cu F Fe 
Total Total Total Total Total 


Sample __mg/l mg/l i Ae I Be 


HERO73 525 <0.005 <0.01 <0.01 Lad 9.47 


Meeting The Analytical Challenges Of A Changing World 


BARRINGER LABORATORIES INC. 


15000 W. 6TH AVE., SUITE 300 
GOLDEN, COLORADO 80401 


PHONE: (303) 277-1687 
1-Feb-91 
Bill Almas 
ENERGY FUELS NUCLEAR Page: 2 
One Tabor Center Copy: 3 of 3 
1200 17th Street Set : al 
Suite 2500 
Denver, CO 80202 
Attn: Received: 26-Oct-90 15:23 
Project: PO #: 
Job: 903500E Status: Final 
AMENDED REPORT 
Sample Type: Water 
Pb Mg Mn Hg Ag 
Total Total Total Total Total Total 
Sample mg/l mg/l mg/l mg/l mg/l mg/l 
HERO73 <0.02 177 0.12 <0.0002 20.1 0.01 
Se Na zn Gross Alpha Error 
Total Total Total Total 
Sample mg/l mg/l mg/l pci/l 20% 
HERO73 <0.002 78.1 0.111 58 +26 


Meeting The Analytical Challenges Of A Changing World 


ma mm EEO 


w- 


BARRINGER LABORATORIES INC. 


15000 W. 6TH AVE., SUITE 300 
GOLDEN, COLORADO 80401 


PHONE: (303) 277-1687 
1-Feb-91 

Bill Almas 
ENERGY FUELS NUCLEAR Page: 3 
One Tabor Center Copy: 3 of 3 
1200 17th Street Set ;: Ne 
Suite 2500 
Denver, CO 80202 
Attn: Received: 26-Oct-90 15:23 
Project: PO #: 
Job: 903500E Status: Final 


AMENDED REPORT 


Sample Type: Water 


Gross Beta Error Ra-226 Error Ra-228 Error Th-230 Error 
Total Total Total Total 


Sample pci/l 20% pCi/l 20% pci/l 20% pci/l 20% 


HERO73 48 +14 3.2 +0.6 1.5 tLa3 


U 
Total 


Sample _mg/l 
HERO73 0.0009 


Meeting The Analvtical Challenges Of A Changing World 


0.0 +0.5 


me wee OO 


Bill Almas 

ENERGY FUELS NUCLEAR 
One Tabor Center 
1200 17th Street 
Suite 2500 

Denver, CO 80202 


BARRINGER LABORATORIES INC. Prone: 


15000 W. 6TH AVE., SUITE 300 
GOLDEN, COLORADO 80401 


(303) 277-1687 
1-Feb-91 
Page: 4 
Copy: 3 of 3 
Set : 1 


Attn: Received: 26-Oct-90 15:23 
Project: PO #: 
Job: 03500E Status: Final 
AMENDED REPORT 

Abbreviations: 
Parameters: 

CO3 : Carbonate 

HCO3 : Bicarbonate 

cl : Chloride 

TDS : Total Dissolved Solids 

TSS : Total Suspended Solids 

NO3 as N : Nitrate 

P04 as P : Phosphate 

S04 : Sulfate 

$i02 : Silica 

As : Arsenic 

Ba : Barium 

Ca : Calcium 

Cd : Cadmium 

Cr : Chromium 

Cu : Copper 

F : Fluoride 

Fe : Iron 

Pb : Lead 

Mg : Magnesium 

Mn : Manganese 

Hg : Mercury 

K : Potassium 

Ag : Silver 

Se : Selenium 

Na : Sodium 

zn s Zine 


Meeting The Analytical Challenges Of A Changing World 
A 2A AT LS TS REE SE SE ED eT Lf 


15000 W. 6TH AVE., SUITE 300 


BARRINGER LABORATORIES INC GOLDEN, COLORADO 80401 
+ PHONE: (303) 277-1687 
1-Feb-91 
Bill Almas 
ENERGY FUELS NUCLEAR Page: 5 
One Tabor Center Copy: 3 of 3 
1200 17th Street Set : 1 
Suite 2500 
Denver, CO 80202 
Attn: Received: 26-Oct-90 15:23 
Project: PO #: 
Job: 903500E Status: Final 
AMENDED REPORT 

Ra-226 : Radium-226 

Ra-228 : Radium-228 

Th-230 : Thorium-230 

U : Uranium 
Units: 

mg/l : milligrams per liter 

pmho/cm : micromhos per centimeter at 25C 

pci/l : picoCuries per liter 

20* * Counting error at the 95% confidence level, 20 
Quality control: 

< : less than 

a : Amended Value 


Lyl@ Ryman 
Laboratory 


Hi. re, 5 
cent (. eA, Nel itthe...., 


/ Ellen La Riviere 
Managers 


Meeting The Analytical Challenges Of A Changing World 
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15000 W. 6TH AVE., SUITE 300 


BARRINGER LABORATORIES INC prone 30a) 277.1687 


1-Feb-91 
Bill Almas 
ENERGY FUELS NUCLEAR Page: 6 
One Tabor Center Copy: 3 of 3 
1200 17th Street 
Suite 2500 
Denver, CO 80202 
Attn: Received: 26-Oct-90 15:23 
Project: PO #: 
Job: 903500E Status: Final 


AMENDED REPORT 


QUALITY CONTROL DATA SHEET 


Time Received: 15:23 Date: 10/26/90 Via: Federal Express 


Sample Container Type: large cube, liter cube 

Sample Type: water 

Preservative When Received: 1. HNO3 2. H2SO04 3. none 
Additional Lab Preparation: none 


Date(s) of 
Parameter Ref Method LLD Preservative Analyst Analysis 
As 1 206.2 0.001 mg/l 1 Gilleland 11/19 
Hg bb 245.1 0.0002 mg/l 1 Anshutz 11/19 
Se 1 270.2 0.002 mg/l 1 Gilleland. Li fai 
pH 4 150.1 0.01 unit 3 Hobbs 11/715 
¢l 1 32542 1 mg/l 3 Hobbs 10/31 
Alk 1 210.1 1 mg/l 3 Hobbs 11/16 
Sp. Cond. i 1201 0.001 mg/l 3 Anshutz 11/19 
F 1 340.2 0.1 mg/l 3 Anshutz 11/20 
Ag 1 200.7 0.01 mg/l 1 Hidalgo 11/21 
Ba 1 200.7 0.01 mg/l 1 Hidalgo 11/21 
Ca 1 200.7 0.01 mg/l 2 Hidalgo 11721 
Cd 1 200.7 0.005 mg/l 3 Hidalgo Lives 
Cr 1 200.7 0.01 mg/l 1 Hidalgo 11/21 
Cu i 200.7 0.01 mg/l 1 Hidalgo 11/21 
Fe 1 200.7 0.01 mg/l 1 Hidalgo 11/21 
Pb i 200.7 0.02 mg/l a Hidalgo Li fai 


Meeting The Analytical Challenges Of A Changing World 
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15000 W. 6TH AVE., SUITE 300 


BARRINGER LABORATORIES INC. prone 00) 277 1687 


1-Feb-91 
Bill Almas 
ENERGY FUELS NUCLEAR Page: 7 
One Tabor Center Copy: 3 of 3 
1200 17th Street 
Suite 2500 
Denver, CO 80202 
Attn: Received: 26-Oct-90 15:23 
Project: PO #: 
Job: 903500E Status: Final 

AMENDED REPORT 
QUALITY CONTROL DATA SHEET (cont'd) 

Date(s) of 
Parameter Ref Method LLD Preservative Analysis Analysis 
Mg 1 200.7 0.01 mg/l 1 Hidalgo 11/21 
Mn i 200.7 0.01 mg/l 1 Hidalgo 11/21 
K i 200.7 0.5 mg/l 3 Hidalgo 11/21 
Na L 200.7 0.01 mg/l 1 Hidalgo Lave 
zn x 200.7 0.005 mg/l | Hidalgo 41722 
Sio2 i 200.7 0.01 mg/l 1 Hidalgo 11/21 
PO4 1 365.1 0.1 mg/l 3 Hobbs 11/1 
NO3 1 353.1 0.1 mg/l 2 Hobbs 11/5 
S04 1 375.03 4 mg/l 3 Joy 11/10 
TDS 1 160.1 4 mg/l 3 Joy 11/9 
TSS 1 160.2 4 mg/l 3 Joy 11/10 
Gr. Alpha 4 900.0 1.0 pCci/l i Seidel 11/19-11/21 
Gr. Beta 4 900.0 2.0 pcisi 1 Seidel 11/19-11/21 
Ra-226 4,7,14 SM-705 0.2 pCci/l 1: Howard 11/15-11/19 
Ra-228 12,13,14 904.0 0.9 pci/l 1 Reyes 11/8-11/19 
Th-230 11 === 0.2 pci/sl 1 Ortiz 11/6-11/13 
U 4,9,10,14 ASTMD2907 0.3 ug/l ua Tonning 11/12-11/14 
Gr. Alpha(a)4 900.0 1.0 pCi/l iz Kidwell 1/22-1/25 
Gr. Beta(a) 4 900.0 2.0 pei/sl A Kidwell 1/22-1/25 


Meeting The Analytical Challenges Of A Changing World 
SE a a IE Oe EE TS DS OS ED OI 7 I SO 


m_ ae memaeEeOreeOeeCmhaeeee eel 


1§000 W. 6T4 AVE 3. "= 22 
GOLOEN COLORACC 3C040° 
PRONE 303: 277 
BARRINGER LABORATORIES INC a age 
SPARKS NEVADA 39431 
PHONE (702) 358-1:58 
24-Oct-90 
Bill Almas 
ENERGY FUELS NUCLEAR Page: 
One Tabor Center Copy: 2 of 
1200 17th Street Set ;: 
Suite 2500 
Denver, CO 80202 
Attn: Received: 7-Aug-90 126/51. 
Project: Hermit Mine Well PO #: 
: 90293 Status: Fina 
Sample Type: Water 
Ag As Ba Ca Cd 
Dissolved Dissolved Dissolved Dissolved Dissolved 
Sample Id mq/l mg/l mq/l mg/l mg/l 
HERO69 7/31/90 <0.01 0.001 <0.01005 632 <0.005 
cr cu F Fe Pb 
Total Dissolved Dissolved Dissolved Dissolved 
aS FG eee ee ea eg) 
HERO69 7/31/90 <0.01 <0.01 The5 i2e7 <0.02 
Mg Mn Hg K Se 
Dissolved Dissolved Dissolved Dissolved Dissolved 
Sample Id mg/l mg/l mg/l mg/l mg/l 
HERO69 7/31/90 211 Os 7 <0.0002 22:67 0.002 
Na zn Alkalinity HCO3 CO3 cl 


Dissolved Dissolved as CacO3 as CaC0O3 as Caco3 
ae Oe ee: a ee eo ee eee ee aR 


HERO69 7/31/90 82.6 <0.005 ph 152 KOe1- 39% 
pH Conductance TDS TSS NO3 as N PO4 as P 

—Sample Id _unit __umho/cm___ _mg/]_ _mg/]_ __mg/l__ __mg/l__ 

HERO69 7/31/90 7.28 3261 3540 67 <0.1 0.2 


ADVANCED TECHNIQUES AND INSTRUMENTATION FOR THE EARTH SCIENCES 


pan. coda ee 
PHONE “son 277 687 
BARRINGER LABORATORIES INC boi tans pen veered 
SPARKS. NEVADA 3943) 
PHONE. 702) 358-1158 
24-Oct-90 
Bill Almas 
ENERGY FUELS NUCLEAR Page: 2 
One Tabor Center Copy: 2 of 3 
1200 17th Street Set : 1 
Suite 2500 
Denver, CO 80202 
Attn: Received: 7-Aug-90 12:51 
Project: Hermit Mine Well PO #: 
902938 tatus: Final 
Sample Type: Water 
S04 $i02 Gross Alpha Error Gross Beta Error 
Dissolved Dissolved Dissolved 
—fanple Id. mg/l. _.mg/i_.. _._._ pei /1 got I 
HERO69 7/31/90 2250 14.3 1 +18 29 +15 
Gross Alpha Error Gross Beta Error Ra-226 Error 
Total Total Dissolved 
—Sample Id __pCi/l_ __20*  =__pcCi/i __20* = =__pci/i 20% 
HERO69 7/31/90 14 +20 13 £13 3.1 20.9 
Ra-226 Error Th-230 Error Th-230 Error U 
Total Dissolved Total Dissolved 
—Sample Id _ —pCi/l 20% _ pCi/l 2o% — _pCi/) 20*  _ mg/l _ 
HERO69 7/31/90 Ss tis 0.0 +0.4 0.9 40.7 0.0009 
U 
Total 


—_Sample Id _mg/}]__ 
HERO69 7/31/90 0.0042 


ADVANCED TECHNIQUES AND (INSTRUMENT A SN FGR 


Bill Almas 

ENERGY FUELS NUCLEAR 
One Tabor Center 
1200 17th Street 
Suite 2500 

Denver, CO 80202 


BARRINGER LABORATORIES INC. 


$000 WN 5TH AVE 30 7E 10 
GOLOEN. COLORADO 
PHONE 


303) 27 


3087 


75a? 


1455 DEMING WAY SUITE 'S 
SPARKS, NEVADA 


PHONE 


24-0ct-96 


Page: 
Copy: 
Set 


2 


of 


39431 


3 
3 
1 


Attn: Received: 7-Aug-90 12:51 
Project: Hermit Mine Well PO #: 
: 902938 Status: inal 
Vv ns: 
Parameters: 
Ag : Silver 
As : Arsenic 
Ba : Barium 
Ca : Calcium 
Cd : Cadmium 
Cr : Chromium 
Cu : Copper 
F : Fluoride 
Fe : Iron 
Pb : Lead 
Mg : Magnesium 
Mn : Manganese 
Hg : Mercury 
K : Potassium 
Se : Selenium 
Na : Sodium 
zn : Zine 
HCO3 : Bicarbonate 
Cco3 : Carbonate 
cl : Chloride 
TDS : Total Dissolved Solids 
TSS : Total Suspended Solids 
NO3 as N : Nitrate 
P04 as P : Phosphate 
S04 : Sulfate 
$i02 : Silica 
Ra-226 : Radium-226 


ASVANCED TECHNIQUES AND INSTQAUMENT ATION FOR THE EARTS 


BARRINGER LABORATORIES INC. teh gh css 


“S000 WN 37~ A.= 


GOLDEN COLDRATO 


PHONE 


SPARKS NEVADA 


SQ70 777 nae 


76 


3943) 


PHONE 792! 358-1 °58 


24-Oct-90 

Bill Almas 
ENERGY FUELS NUCLEAR Page: 4 
One Tabor Center Copy: 2 of 3 
1200 17th Street set. < 2: 
Suite 2500 
Denver, CO 80202 
Attn: Received: 7-Aug-90 12:51 
Project: Hermit Mine Well PO #: 

: 9 tatus: Final 

Th-230 : Thorium-230 

U : Uranium 
Units: 

mg/l : milligrams per liter 

umho/cm : micromhos per centimeter at 25C 

pei/i : picoCuries per liter 

20* : * Counting error at the 95% confidence level, 20 
Quality control: 

< : less than 


Guce Co OSE * 
Stoned Ml Ne (Meee 


Ellen La Riviere 
Radiochemistry Laboratory Manager 


ADVANCED TECHNIQUES AND :NSTRUMENT AT SN FIR THE EARTH STHENSES 


15000 W 6TH AVE 3U.TE 200 
GOLDEN. COLORADO 3040) 
+ PHONE. 303) 277 '687 
BARRINGER LABORATORIES INC. ie Seis ie ead 
SPARKS. NEVADA 39431 
PHONE (702) 358-1158 
24-Oct-90 
Bill Almas 
ENERGY FUELS NUCLEAR Page: 5 
One Tabor Center Copy: 2 of 3 
1200 17th Street 
Suite 2500 
Denver, CO 80202 
Attn: Received: 7-Aug-90 12:51 
Project: Hermit Mine Well PO #: 
: 90293 tatus: inal 
QUALITY CONTROL DATA SHEET 
Time Received: 7/12/90 Date: Receiving By: UPS Via: 


Sample Container Type: large cube, liter cube 

Sample Type: water 

Preservative When Received: 1. HNO3 2. H2SO04 3. none 4. NaOH/ZnoAC 
Additional Lab Preparation: none 


Date(s) of 
Parameter Ref Method LLD Preservative Analyst Analysis 
cl 1 325.2 1 mg/l 3 Hobbs 8/9 
Hg 1 245.1 0.0002 mg/l 1 Anshutz 8/9 
pH 1 210.1 0.01 unit 3 Anshutz 8/13 
Sp. Cond. 1 12011 0.001 mg/l 3 Anshutz 8/17 
F i. 340.2 0.05 mg/l a Ryman 8/23 
Ba 1 200.7 0.01 mg/l 1 Hidalgo 8/27 
Ca 1 200.7 0.005 mg/l 3 Hidalgo 8/27 
Ca 1 200.7 0.01 mg/l 1 Hidalgo 8/27 
cr 1 200.7 0.01 mg/l | Hidalgo 8/28 
Cu 1 200.7 0.01 mg/l 1 Hidalgo 8/29 
Fe 1 200.7 0.01 mg/l 1 Hidalgo 8/29 
Pb | 200.7 0.001 mg/l 1 Hidalgo 8/29 
Mg 1 200.7 0.01 mg/l : Hidalgo 8/29 
Mn 1 200.7 0.01 mg/l A Hidalgo 8/29 
K 1 200.7 0.5 mg/l 1 Hidalgo 8/29 
Ag 1 200.7 0.01 mg/l 1 Hidalgo 8/29 
Na 1 200.7 0.01 mg/l 1 Hidalgo 8/29 


ADVANCED TECHNIQUES AND INSTRUMENTATION FOR THE EARTH SCIENCES 


1§000 W. 6TH AVE 3. "EF ice 
GOLDEN, COLORADO 3040" 
BARRINGER LABORATO eee 
RIES INC. 1455 OEMING WAY SUITE °5 
SPARKS, NEVADA 39431 
PHONE: (702) 358-1158 
24-Oct-90 
Bill Almas 
ENERGY FUELS NUCLEAR Page: 6 
One Tabor Center Copy: 2 of 3 
1200 17th Street 
Suite 2500 
Denver, CO 80202 
Attn: Received: 7-Aug-90 12:51 
Project: Hermit Mine Well PO #: 
: 90 Status: Fina 
CONTROL DATA SHEET (cont'd) 
Date(s) of 
Parameter Ref Method LLD Preservativ Analysis Analysis 
zn i 200.7 0.005 mg/l 1 Hidalgo 8/29 
Se 1 270.2 0.001 mg/l 1 Gilleland 8/29 
$io2 1 --- 0.01 mg/l 1 Hidalgo 8/29 
As 1 206.2 0.001 mg/l 1 Ryman 8/15 
Alk 1 210.1 1 mg/l 3 Anshutz 8/30 
NO3 i 353.1 0.1 mg/l 2 Hobbs 8/9 
Tss 1 160.2 4 mg/l 3 Anshutz 8/9 
PO4 1 365.1 0.1 mg/l 3 Hobbs 8/15 
S04 1 375.3 4 mg/l 3 Joy 8/22 
TDS 1 160.1 10 mg/l 3 Joy 8/23 
Gr. Alpha 4 900.0 1.0 pci/l 3 Seidel 8/13-8/16 
Gr. Beta 4 900.0 2.0 pei 3 Seidel 8/13-8/16 
Ra-226 4,7,14 SM-705 0.2 pci/l 3 Howard 8/24-8/28 
Th-230 i woe 0.2 pci/l 3 Ortiz 8/22-8/27 
U 4,9,10,14 ASTMD2907 0.3 ug/l 3 Tonning 8/28-8/31 


AOVANCED TECHNIQUES AND INSTRUMENTATION FOR THE EARTH SCIENCES 


BARRINGER LABORATORIES INC. 


Bill Almas 

ENERGY FUELS NUCLEAR 
One Tabor Center 
1200 17th Street 
Suite 2500 


Denver, CO 80202 
Attn: 
Project: Hermit Mine Well PO #: 


Job: 902938 


U CAT 

Sample 
Identification Parameter Result 
HERO69 7/31/90 cl 39.6 
" " Hg <.0002 
" s Sp. Cond. 3261 
iT] " F 1 - 5 
" Ba -0O1 
" ie cd <.005 
ie " Ca 632 
¥ MN cr <.01 
§ " Cu <.01 
" a" Fe 12.7 
" " Pb <.02 
" " Mg 211 
ih) « Mn 17 
Mt " K 22.7 
" " Ag <.01 
‘ A Na 82.6 
" " Zn <.005 
rT) " Se -002 
" " S$i02 14.3 
" n As -001 
" " Alk 150.2 
we: " NO3 <.l 
" * TSS 68 
bi " PO4 wd 
" " S04 2260 
" 7 TDS 3540 


(1) sample < 5 times LLD 


1§000 W 6TH AVE 3U-7E 10 
GOLOEN. COLORADO 3040! 
PHONE 303) 277 '687 


1455 DEMING WAY SUITE '5 


SPARKS. NEVADA 39431 

PHONE: 702) 358-1158 
24-oct-36 

Page: 7 


Copy: 2o0f 3 


Received: 7-Aug-90 12:51 


tatus: Fina 


Relative Deviation 
Result % From Mean 
39.6 
<.0002 
3261 
145 
-0O1 
-008 
616 
<.01 
<.01 
12.2 
<.02 
199 
oud 
2141 
<.01 
76.7 
<.005 


-~ 
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ADVANCED TECHNIQUES AND INSTRUMENTATION FOR THE EARTH SCIENCES 


Snel maken Mice 
PHONE 303) 277 ‘687 
BARRINGER LABORATORIES INC. 1s BEING AR, ae 1 
SPARKS. NEVADA 89431 
PHONE: 1702) 358-1158 
24-Oct-90 

Bill Almas 

ENERGY FUELS NUCLEAR Page: 8 

One Tabor Center Copy: 2 of 3 

1200 17th Street 

Suite 2500 

Denver, CO 80202 

Attn: Received: 7-Aug-90 12:51 

Project: Hermit Mine Well PO #: 

: 90293 Status: ina 


QUALITY CONTROL STANDARDS What known for HER 064??? 
The Spike Samples were HER 078, 079 & 080 


Cert. Relative Deviation Spike % 
Parameter Result Result Target Range % From Known Recovery 
el 52.9 52.1 48.2 - 55.4 0.8 ne 
Hg -0086 -0080 -0060 = .0093 3.6 110 
F 1.05 1.08 99 - 1.15 1.4 97 
Ba 1.02 1.00 -90 = 1.10 209 87 
cd "  .218 -200 -180 = .220 9.0 108 
Ca 2.04 2.00 1.80 = 2.20 2.0 (2) 
Cr. Cond. 193 -200 ~180 = .220 3.8 90 
Cu »202 -200 -180 = .220 1.0 97 
Fe e215 -200 -180 = .220 7.5 (2) 
Pb oid - 200 -180 = .220 5.5 84 
Mg 2.14 2.00 1.80 - 2.20 7.0 (2) 
Mn 212 -200 ~180 = .220 . 6.0 92 
K 10.2 10.0 9.0 = 11.0 2.0 (2) 
Ag 99 1.00 -90 - 1.10 1.0 92 
Na 1.10 1.00 -90 - 1.10 10.0 (2) 
zn -199 - 200 -180 = .220 0.5 86 
Se -010 -009 -006 - .012 Lisi meen 
$102 1.12 1.07 96 - 1.18 5.0 (2) 
As ~103 -100 -080 - .118 1.5 100 
NO3 2.02 1.98 1.78 = 2.18 1.0 80 
P04 ~51 -50 -46 - .54 1.0 ae 
1.8 
-65 
+4 0.5 
= & ee 
+ 2 4.0 
+ 3 6.1 
2.9 


(2) sample > 4 times spiked value 


23 Lh x 
Approved by: Lia ae rivrethe 


SOVANCED TECHNIQUES AND INSTRUMENTATION FOR THE EARTH SCIENCES 


‘$000 wo 4T= a€ 
WOLOEN 23K 58800 


S$PaRc$ vEvata 


Bill Almas 
ENERGY FUELS NUCLEAR Page: 
One Tabor Center Copy: 2 of 
1200 17th Street Set : 
Suite 2500 
Denver, CO 80202 
Attn: Received: 18=May=90 15 
Project: PO #: 
: 9 3 us: ina 
Sample Type: Water 
Ag As Ba Ca Cd Cr 
Dissolved Dissolved Dissolved Dissolved Dissolved Total 
Sanne. W4/ 1... 2 IS. ee WARSI es. es. 
HERO64 <0.01 <0.001 0.01 610 0.007 <0.01 
Cu F Fe Pb Mg Mn 
Dissolved Dissolved Dissolved Dissolved Dissolved 
Sample _mg/]_ _mg/]_ on See re BSED 
HERO64 <0.01 1.4 13.2 <0.02 186 0.18 
Hg K Se Na zn Alkalinity 


Dissolved Dissolved Dissolved Dissolved Dissolved as Cac0o3 
Sampie .me/).. egy). ei... Wes). Gd) eg). 


HERO64 <0.0002 22.5 <0.001 82.6 <0.005 170 
HCO3 co3 cl PH Specific TDS TSS 
as Cac0O3 as Caco3 Conductance 
Sample _mg/]_ _ mg/)_ mg/l) _unit _umho/em  _mg/)_ _mg/l_ 
HERO64 170 <1 41 8.06 3318 3320 93 
NO3 as N PO4 as P_ S04 $io2 Gross Alpha Error 


Dissolved Dissolved 
Sapple wos). _a/).. pg) ees). ._peisd i ge* 


HERO64 <0O.1 0.3 1150 13.3 12 +14 


PMONE %2 °° 


ie °E 156 


i9ac* 


+ ag: 


\Q6G OEMING NAY BUTE 


1943) 


montng-Oct-90 


3 
1 


335 


¥% { 


‘9000 WET" 468 TE TO 
GOLOEN FOQ3#ald —Anae: 
oun Oy 3°* 48° 
1486 SEWING wavy 8&.°E § 
SPARKS NEVA $949) 
PuON' i a 
"24-0ct-96 

Bill Almas , 

ENERGY FUELS NUCLEAR Page: 2 

One Tabor Center Copy: 2 of 3 

1200 17th Street Set : 1 

Suite 2500 

Denver, CO 80202 

Attn: Received: 18-May-90 15:35 

Project: PO #: 

e 9 7 e 


Sample Type: Water 


Gross Beta Error Gross Alpha Error Gross Beta Error 
Dissolved Total Total 
Sample __pCi/) 20*  _ peji/)_2g* = _ pei/) 20% 


HERO64 37 +12 44 +418 35: £12 
Ra-226 Error Ra-226 Error Th-230 Error Th-230 Error 
Dissolved Total Dissolved Total 
HERO64 1.7 +0.5 2.0 t0.7 0.9 +0.6 1.0 +0.9 
U U 


Dissolved Total 
Sample _mg/)  _mg/)_ 


HERO64 0.001 0.008 


Bill Almas 

ENERGY FUELS NUCLEAR 
One Tabor Center 
1200 17th Street 
Suite 2500 


Denver, CO 80202 
Attn: 
Project: PO #: 
Job: 49 
Abbreviations: 
Parameters: 
Ag : Silver 
As : Arsenic 
Ba : Barium 
Ca : Calcium 
fare | : Cadmium 
cr : Chromium 
Cu : Copper 
F : Fluoride 
Fe : Iron 
Pb : Lead 
Mg : Magnesium 
Mn ; Manganese 
Hg ; Mercury 
K : Potassium 
Se : Selenium 
Na : Sodium 
Zn : Zinc 
HCO3 : Bicarbonate 
CcO3 : Carbonate 
cl : Chloride 
TDS : Total Dissolved Solids 
TSS : Total Suspended Solids 
NO3 as N : Nitrate 
PO4 as P : Phosphate 
$04 : Sulfate 
$i02 : Silica 
Ra-226 : Radium-226 


Weert oe 


$00 a ete avd i. IX 
GOLOEN COVE #ad0 34g! 
Pune 2. 3°° 48° 
‘666 S€MinG aay Sul 9 
fea Névaoa ie on 
24-Oct- 
Page: 3 
Copy: 2 of 3 
Set ;: 1 


Received: 18-May-90 15:35 


WOO A Ew aot GL TE 
QOLOEN 20K 8400 aac’ 
pwnd 303. 2°* 46) 


1468 O€MING WAY S.:°E 'S 
SPARKS “EVAOA 394)! 


PMONnG 92) 38 ''S8 
24-O0ct-9 


Bill Almas 

ENERGY FUELS NUCLEAR Page: 4 
One Tabor Center Copy: 2 of 3 
1200 17th Street Set : 1 
Suite 2500 

Denver, CO 80202 


Attn: Received: 18-May-90 15:35 
Project: PO #: 


. 90 : a 


Th-230 : Thorium=-230 
Uranium 


Gq 


milligrams per liter 


pmho/cm : micromhos per centimeter at 25C 

pci/l : picoCuries per liter 

20% : * Counting error at the 95% confidence level, 20 
Quality control: 

< : less than 


SEGA) ge dh fe 


Ellen La Riviere 
Radiochemistry Laboratory Manager 


OO A HTH ALE FTE CE 
LEN 1Q8a20 A 
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X< BARRINGER LABORATORIES INC... 


Bill Almas 

ENERGY FUELS NUCLEAR 
One Tabor Center 
1200 17th Street 
Suite 2500 
Denver, CO 80202 
Attn: 

Project: PO #: 


QUALITY CONTROL DATA SHEET 


SPaRcs$ NEvaba 394)! 
PwONn€ 


24-0ct-96 ~ 


Page: 5 
Copy: 2 of 3 


Received: 18-May-90 15:35 


atus: ina 


Time Received: 3:35 Date: 5/18/90 By: Receiving Via: UPS 
Sample Container Type: large cube, liter cube 
Sample Type: water 
Preservative When Received: 1. HNO3 2. H2S04 3. None 4. Zn/Ac 
Additional Lab Preparation: none 
Date(s) of 
Parameter Ref Method LLD Preservative Analyst Analysis 
PH i. 150.1 -0O1 unit 3 Ryman 5/22 
tf 1 3252 1 ng/l 3 Hobbs 5/25 
Alk 1 219.1 1 mg/l 3 Ryman 5/22 
Hg 1 245.1 .0002 mg/l 1 Gilleland 5/25 
Cond. 1 1201 -001 ng/l 3 Ryman 5/31 
F 1 340.2 -05 mg/l 3 Hatcher 6/4 
Ag i 200.7 -01 ng/l 1 Hidalgo 6/14 
Ba 2 200.7 -01 ng/l 1 Hidalgo 6/14 
Ca 1 200.7 .01 mg/l 1 Hidalgo 6/14 
cd 1 200.7 1 mg/l 1 Hidalgo 6/14 
a 1 200.7 -0O1 mg/l 1 Hidalgo 6/14 
cu 1 200.7 -01 mg/l 1 Hidalgo 6/14 
Fe 1 200.7 -0O1 ng/l 1 Hidalgo 6/14 
Pb 1 200.7 -02 ng/l 1 Hidalgo 6/14 
Mg t 200.7 .01 mg/l 1 Hidalgo 6/14 
‘Mn 1 200.7 01 mg/l 1 Hidalgo 6/14 
K 1 200.7 .5 mg/l 1 Hidalgo 6/14 
Na 1 200.7 .01 mg/l 1 Hidalgo 6/14 
zn 1 200.7 005 mg/l 1 Hidalgo 6/14 
As 1 206.2 -001 mg/l 1 Gilleland 6/8 
Se 1 270.2 .001 mg/l 1 Gilleland 6/11 
$io2 1 200.7 .01 ng/l 1 Hidalgo 6/14 


- 


ai es Re ae ) 


SOO wm Ih ant t .x 
SOLOEN COL 58a ld 3040" 
Peer 03 i 


49§ SEWING WAY SU°R 9 
SPaaas NEvAOa 3943) 


mento g-oct-=98 * 


Bill Almas 
ENERGY FUELS NUCLEAR Page: 6 
One Tabor Center Copy: 2o0f 3 


1200 17th Street 


Suite 2500 
Denver, CO 80202 
Attn: Received: 18-May-90 15:35 
Project: PO #: 
e 9 : a 


QUALITY CONTROL DATA SHEET (Cont'd) 


Date(s) of 
Parameter Ref Method LLD Preservative Analyst Analysis 
NO3 1 353.1 -1 mg/l 2 Hobbs 5/31 
TDS 1 160.1 10 ng/1l 3 Hatcher 6/1 
$04 1 375.3 4 ng/l 3 Hatcher 6/1 
PO4 1 365.1 1 ng/l 3 Hobbs 6/6 
TSS 1 . 160.2 4 ng/l 3 Hatcher 6/15 
Gr. Alpha 4 900.0 1.0 pci/l 3 Seidel 6/5-6/13 
Gr. Beta 4 900.0 2.0 pci/i 3 Seidel 6/5-6/13 
Ra-226 4,7,14 SM-705 0.2 pei/sl 3 Kidwell 6/7-6/12 
Th-230 11 “<= 0.2 pci/l 3 Ortiz 5/31-6/8 
U 4,9,10,14 ASTMD2907 0.3 ug/l 3 Tonning 6/12-6/15 
DUPLICATES 
Sample Relative Deviation 

Identification Parameter Result Result % From Mean 
HERO64 cl 40.2 40.7 1.2 

- Alk 169.7 170.0 2 

" Hg <.0002 <.0002 0 

“ Cond. 3318 3285 1.0 

* F 1.4 1.5 6.9 

" Ag <.01 <.01 0 

Ba 01 -01 0 

® Ca 610 595 2.4 

- Cd -007 -007 0 

= cy <.01 <.01 ) 

” Cu <.01 <.01 0 

* Fe 13.2 12.9 2.3 

” Pb <.02 <.02 0 

* Mg 186 181 2.7 

- Mn .18 -18 0 

" K 22.5 22.4 0.4 

- Na 82.6 79.7 3.5 


OC BARRINGER LABORATORIES INC. 


Bill Almas 


ENERGY FUELS NUCLEAR 
One Tabor Center 
1200 17th Street 


‘SOOO @ GT= are SLE 300 
FOLOEN COV IR ad0 3040! 
PONE 27° 88? 


“438 O€MING MAY SUE S$ 
SPARKS NEVACA $949) 


meno a-oct-98 * 


Page: 7 
Copy: 2of 3 


Suite 2500 

Denver, CO 80202 

Attn: Received: 18-May-90 15:35 

Project: PO #: 

is) S'S 11!) es | a es: 
DUPLICATES (Cont'd) 

Sample Relative Deviation 
Identification Parameter Result Result % From Mean 
HERO64 zn <.005 <.005 0 

" As <.001 <.001 0 

= Se <.001 <.001 0 

" $102 13.3 13.0 2.3 

ss NO3 <.1 <.1 0 

- TDS 3324 3418 2.8 

" $04 1154 1163 8 

* PO4 -3 3 0 

" TSS 93 98 5.2 

QUALITY CONTROL STANDARDS 
Cert. Relative Deviation Spike % 

Parameter Result Result Target Range % From Known Recovery 
cl 52 52.1 48.2 - 55.4 2 =< 
Hg -006 -005 -004 = .006 17 112 
Cond. 1413 1413 ee 0 nm 
F 1.0 1.0 -89 = 1.09 0 =<= 
Ag 1.02 1.00 -90 = 1.10 2.0 93 
Ba 1.08 1.60 90 - 1.10 8.0 89 
Ca 248 250 225 = 275 0.8 <= 
Cd -216 »200 -180 = .220 8.0 99 
Cr .209 -200 -180 = .220 4.5 102 
Cu -197 -200 -180 = .220 1.5 88 
Fe 215 - 200 -180 = .220 7.5 asinine 
Pb -219 .200 -180 = .220 9.5 103 
Mg 230 250 225 = 275 8.0 —< 
Mn .209 -200 -180 = .220 4.5 85 
K 9.5 10.0 9.0 = 11.0 5.0 ase 
Na 262 250 225 = 275 4.8 == 
Zn -205 -200 ~180 = .220 2.5 89 
As -095 -100 -080 = .118 5 === 


4 
« } 
o@ ‘ 

} 

i 
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Bill Almas 

ENERGY FUELS NUCLEAR 
One Tabor Center 
1200 17th Street 
Suite 2500 
Denver, CO 80202 
Attn: 

Project: 


$000 4 OT avk ju TE 200 
FOLOEN COLO 8aD0 3040" 
Pont vo 277 $8? 


486 DEMING wav SUITE § 
SPaRe§ VEVAOA 89431 


meta a-oct=96 


Page: 8 
Copy: 2 of 3 


Received: 18-May-90 15:35 


Jobi 9024908 : ra 


QUALITY CONTROL STANDARDS (Cont'd) 


Cert. 
Parameter Result Result Target 
Se -020 .025 .017 - 
$io2 1.00 1.07 -96 - 
NO3 2.03 1.98 1.78 - 
TDS 1464 1479 1331 = 
S04 1046 1000 900 - 
PO4 54 50 -46 - 
Gr. Alpha 190 + 4 196 176 - 
Gr. Beta 184 + 2 173 156 - 
Ra-226 109 + 3 101 91 - 
Th-230 $6 £3 98 88 - 
U 34 34 31 - 


LoS Nisei 
Approved by: a) ee ethe 


Relative Deviation Spike % 


Range % From Known Recovery 
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Bill Almas 

ENERGY FUELS NUCLEAR 
One Tabor Center 
1200 17th Street 
Suite 2500 

Denver, CO 80202 


Attn: 
Project: PO # 


Job: 902181E 


Alkalinity As Ba 


BARRINGER LABORATORIES INC. 


HCO3 


S000 W 6TH AVE SuU'TE 


GOLDEN COLORADC 


PHONE 


1303: 277 ‘687 


1455 DEMING WAY, SUITE 


SPARKS, NEVADA 


(702) 358-1158 


PHONE 
17-May-90 
Page: 
Copy: 3 of 
Set : 


Received: 27-Apr-90) 16:37 


Status: 


Cd Ca 


Final 


as CacO3 Dissolved Dissolved as CaCO3 Dissolved Dissolved 


Sample mg/l mg/l mg/l mg/l mg/l mg/l 


HERO61 149 0.003 0.03 


cl cr Specific Cu 


149 


Total Conductance Dissolved 


Sample _mg/l mg/l umho/cm mg/l mg/l mg/l mg/l 


0.009 


Fe 


609 


Pb 


Dissolved Dissolved 


HERO61 38 <0.01 3330 0.04 1.4 13:55 0.02 
Mg Mn Hg NO3 as N- pH P04 as P 
Dissolved Dissolved Dissolved 
Sample mg/l mg/l mg/l mg/l unit mg/l 
HERO61 186 0.22 ' 0.0003 <O.1 6.98 Oa2 
K Se $io2 Ag Na TDS 
Dissolved Dissolved Dissolved Dissolved Dissolved 
Sample mg/l mg/l mg/l mg/l mg/l mg/l 
HERO61 24.2 <0.001 13.6 0.01 72.6 3430 
TSS S04 zn Gross Alpha Error Gross Beta Error 
Dissolved Dissolved Dissolved 
Sample _mg/l mg/l mg/l pci/l 20% pci/l 20% 
HERO61 59 2290 0.028 23 +18 2i, £20 


Gross Alpha Error Gross Beta Error Ra-226 Error 
Dissolved 


Sample pci/l 20% pci/l 20% pci/s) 20% 


Total Total 


HERO61 21 £19 40 +11 


ADVANCED TECHNIQUES AND INSTRUMENTATION FOR THE EARTH SCIENCES 


33 22 


"5000 W 5TH AVE :3 
GOLDEN COLORAC? 304 
PHONE ana 977 '4 


BARRINGER LABORATORIES INC. 15 OEMING WAY SUITE 18 


SPARKS NEVADA 89431 
PHONE (702) 358-1158 
17-May-90 
Bill Almas 
ENERGY FUELS NUCLEAR Page: 2 
One Tabor Center Copy: 3 of 3 
1200 17th Street Set : 1 
Suite 2500 
Denver, CO 80202 
Attn: Received: 2-Apr-90 16:37 
Project: PO #: 
Job: 902181E Status: Final 
Ra-226 Error Th-230 Error Th-230 Error U U 
Total Dissolved Total Dissolved Total 
Sample _pCi/l 20* pci/l 20* pci/l 20* mg/l mg/l 
HERO61 36 +2 0.0 +0.3 0.0 +0.4 0.0005 0.0036 


How is Ra226 higher than Gross Alpha? 
Why is value different from previous page? 
CcoO3 
as Caco3 


Sample mg/l 
HERO61 <1 


ADVANCED TECHNIQUES AND !NSTRUMENTATION FOR THE EARTH SCIENCES 


Bill Almas 

ENERGY FUELS NUCLEAR 
One Tabor Center 
1200 17th Street 
Suite 2500 


BARRINGER LABORATORIES INC. 


‘S000 W 565TH AVE ~ © 300 
GOLDEN COLCRADC 304c° 
PHONE 303. 277 1687 
1455 DEMING WAY SUITE 15 
SPARKS NEVADA 89431 
PHONE (702) 358-1158 
17-May-90 
Page: 3 
Copy: 3 of 3 
Set : 1 


Denver, CO 80202 
Attn: Received: 2-Apr-90 16:37 
Project: PO #: 
Job: 902181E Status: Final 
Abbreviations: 
Parameters: 

As : Arsenic 

Ba : Barium 

HCO3 : Bicarbonate 

cd : Cadmium 

Ca : Calcium 

cl : Chloride 

cr : Chromium 

Cu : Copper 

F : Fluoride 

Fe : Iron 

Pb : Lead 

Mg : Magnesium 

Mn : Manganese 

Hg : Mercury 

NO3 as N : Nitrate 

P04 as P : Phosphate 

K : Potassium 

Se : Selenium 

$i02 : Silica 

Ag : Silver 

Na : Sodium 

TDS : Total Dissolved Solids 

TSS : Total Suspended Solids 

S04 : Sulfate 

zn : Zinc 

Ra-226 : Radium-226 

Th-230 : Thorium-230 

U : Uranium 

CO3 : Carbonate 


ADVANCED TECHNIQUES AND !INSTRUMENTATION FOR 


THE EARTH SCIENCES 


GOLDEN COLORALDS 30401 


BARRINGER LABORATORIES INC. 55 DEMING WAY SUITE 1S 


17-May-90 
Bill Almas 
ENERGY FUELS NUCLEAR Page: 4 
One Tabor Center Copy: 3 of 3 
1200 17th Street Set : 1 
Suite 2500 
Denver, CO 80202 


Attn: Received: 2-Apr-90 16:37 
Project: PO #: 


Job: 902181E Status: Fin 


Units: 
mg/1 : milligrams per liter 
umho/cm micromhos per centimeter at 25C 


pci/l picoCuries per liter 
20* * Counting error at the 95% confidence level, 20 


Quality control: 


< 


less than 


Te oh cig ee Megat hua daainenss 


Gary Zito 
Laboratory Supervisor 


ADVANCED TECHNIQUES AND INSTRUMENTATION FOR THE EARTH SCIENCES 


"8000 W 6TH AVE SLITE 300 


PHONE 303: 2 68 


SPARKS NEVADA 89431 
PHONE (702) 358-1158 


5000 N 574 A E 
GOLDES COLT RAC 3040 
PHONE 303 7 168 
BARRINGER LABORATORIES INC. se a ae Scie 
SPARKS NEVADA 89431 
PHONE (702) 358-1158 
17-May-90 
Bill Almas 
ENERGY FUELS NUCLEAR Page: 5 
One Tabor Center Copy: 3 of 3 
1200 17th Street 
Suite 2500 
Denver, CO 80202 
Attn: Received: 2-Apr-90 16:37 
Project: PO #: 
Job: 902181E Status: Final 
QUALITY CONTROL DATA SHEET 
Time Received: 8:30 Date: 4/2/90 By: Receiving Via: UPS 


Sample Container Type: large cube, liter cube 

Sample Type: water 

Preservative When Receivied: 1. HNO3 2. H2SO04 3. None 4. NaOH/ZnAc 
Additional Lab Preparation: none 


Date(s) of 

Parameter Ref Method LLD Preservative Analyst Analysis 
cl 1 325.2 1 mg/l 3 Hobbs 4/5 
NO3 1 353.1 .1 mg/l 2 Hobbs 4/4 
PH 1 150.1 -01 mg/l 3 Hatcher 4/4 
Alk 1 210.1 1 mg/l 3 Hatcher 4/6 
F 1 340.2 .05 mg/l 3 Ryman 4/6 
PO4 1 365.1 -1 mg/l 3 Hobbs 4/6 
Cond. 2 1201 -001 mg/l 3 Ryman 4/23 
As 1 206.2 .001 mg/l 1 Gilleland 4/23 
Hg 1 245.1 .0002 mg/l a Swanson 4/23 
Se 1 270.2. .001 mg/l . Gilleland 4/24 
cl : 200.7 1 mg/l 3 Hidalgo 4/30 
Ba 1 200.7 -01 mg/l 1 Hidalgo 4/30 
Cd 1 200.7. .005 mg/l 1 Hidalgo 4/30 
Ca 1 200.7 -01 mg/l 1 Hidalgo 4/30 
Cu 1 200.7 -01 mg/l 1 Hidalgo 4/30 
Fe t 200.7. .01 mg/l i Hidalgo 4/30 
Pb 1 200.7. .02 mg/l 1 Hidalgo 4/30 
Mg i, 200.7 -01 mg/l 1 Hidalgo 4/30 
Mn 1 200.7 -01 mg/l 1 Hidalgo 4/30 
K 1 200.7 5 mg/l 1 Hidalgo 4/30 
Ag : 200.7 -01 mg/l A) Hidalgo 4/30 
Na 1 200.7 -01 mg/l 1 Hidalgo 4/30 


ADVANCED TECHNIQUES AND INSTRUMENTATION FOR THE EARTH SCIENCES 


zn 

TDS 

TSS 

S04 

$i02 

Gr. Alpha 
Gr. Beta 
Ra-226 
Th-230 


> 


Bill Almas 

ENERGY FUELS NUCLEAR 
One Tabor Center 
1200 17th Street 
Suite 2500 


Parameter Ref 


1 
i 
1 
1 
1 
4 


4 


4,7,14 
11 
U 4,9,10,14 ASTMD2907 


Denver, CO 80202 
Attn: 

Project: 

Job: 902181E 


PO #: 


Received: 


BARRINGER LABORATORIES INC. 


1455 OEMING WAY SUITE 15 
SPARKS NEVADA 89431 
PHONE (702) 358-1158 


17-May-90 


Page: 6 
Copy: 3 of 3 


Status: 


QUALITY CONTROL DATA SHEET (Cont'd) 


Method 


200.7 
160.1 
160.2 
375.3 
200.7 
900.0 
900.0 
SM-705 


-00 


1 
ce) 


1. 
2. 
QO. 
QO. 
QO. 


LLD 


5 
0 
4 
4 


1 
0 
0 
2 
2 
3 


mg/1 
mg/l 
mg/l 
mg/l 
mg/l 
pci/l 
pci/l 
pei/l 
pci/l 
ug/l 


Preservative 


WWWWWr WWW Pe 


Analyst 


Hidalgo 
Hatcher 
Hatcher 
Hatcher 
Hidalgo 
Kidwell 
Kidwell 
Howard 
Ortiz 
Tonning 


2-Apr-90 16:37 


Final 


Date(s) of 
Analysis 


4/30 
4/5 
4/4 
4/6 
4/30 
4/4-4/16 
4/4-4/16 
5/7-5/9 
4/3-4/5 
4/26-5/3 


ADVANCED TECHNIQUES AND INSTRUMENTATION FOR THE EARTH SCIENCES 


15000 W. 6TH AVE. SUITE 300 
GOLDEN, COLORADO 80401 


PHONE: (303) 277-1687 
BARRINGER LABORATORIES INC. 1455 DEMING WAY, SUITE 15 
SPARKS, NEVADA 89431 
PHONE: (702) 358-1158 
16-Feb-90 
Larry Casebolt 
ENERGY FUELS NUCLEAR Page: Z 
P.O. Box 36 Copy: 1 of 3 
Fredonia, AZ 86022 See page 775 for original(?) HER 044 results Set : 1 


HER 044 is from 6/29/89 


Attn: Received: 8-Feb-90 _ 


Project: Purchase order ; 


Job: 901940E Status: Final 
ADDITIONAL ANALYSIS 


Sample Type: Water 


Gross Alpha Error Gross Beta Error Ra-226 Error 
Dissolved Dissolved Dissolved 


Sample pci/l 20% peisi 20* pci/l 20% 


HER-044 tii 0.8 +0.3 


118 40 
Gross alpha for HER 044 is 28 pCi/L 


Th-230 Error U 
Dissolved Dissolved 


Sample pci/si 20* mg/l 


HER-044 0.0 +0.3 0.0018 
0.0035 on page 775 


ADVANCED TECHNIQUES AND INSTRUMENTATION FOR THE EARTH SCIENCES 


15000 W. 6TH AVE. SUITE 300 
GOLDEN, COLORADO 80401 
PHONE (303) 277 1687 


BARRINGER LABORATORIES INC. M55 DEMING WAY, SUITE 1 


SPARKS, NEVADA 89431 
PHONE: (702) 358-1158 
16-Feb-90 
Larry Casebolt 
ENERGY FUELS NUCLEAR Page: 


P.O. Box 36 
Fredonia, AZ 


Attn: 
Project: 


Job: 901940E 


Abbreviations: 


Analyses: 
Ra-226 


Th=230 
U 


Abbreviations: 
Units: 
pci/l 


20% 
mg/l 


2 
Copy: 1 of 4 


86022 Set ;: 


Received: 8-Feb-90 
Purchase order : 


Status: Final 
ADDITIONAL ANALYSIS 


Radium-226 
Thorium-230 
Uranium 


picoCuries per liter 
* Counting error at the 95% confidence level, 20 
milligrams per liter 


oe, eS 
Signed: jo cy 


f~ Cr 


cooeoeereeeree eee eee eee eee ewes eee eseeeee ee 


David Lasher 
Laboratory Supervisor 


ADVANCED TECHNIQUES AND INSTRUMENTATION FOR THE EARTH SCIENCES 


mee eee EHH eH He EE ee lL CU 


BARRINGER LABORATORIES INC. 


15000 W. 6TH AVE., SUITE 300 
GOLDEN, COLORADO 80401 
PHONE (303) 277-1687 


1455 DEMING WAY, SUITE 15 
SPARKS, NEVADA 89431 


PHONE: (702) 358-1158 
16-Feb-90 
Larry Casebolt 
ENERGY FUELS NUCLEAR Page: 3 
P.O. Box 36 Copy: 1o0f 3 
Fredonia, AZ 86022 
HER 044 was sampled 6/29/89 
Attn: Received: 8-Feb-90 
Project: Purchase order : 
Job: 901940E Status: Final 
ADDITIONAL ANALYSIS 
QUALITY CONTROL DATA SHEET 
Time Received: Date: 2/8/90 By: G. Reichert Via: In House 
Sample Container Type: 
Sample Type: water 
Preservative When Received: none 
Additional Lab Preparation: none 
Date(s) of 
Parameter Ref Method LLD Preservative Analyst Analysis 
Gr. Alpha 4 900.0 1.0 pei/i none Kidwell 2/7-2/12 
Gr. Beta 4 900.0 2.0 pci/l none Kidwell 2/7-2/12 
Ra-226 4,7,14 SM-705 0.2 pci/l none Howard 2/9-2/13 
Th-230 11 --- 0.2 pCi/si none Ortiz 2/8-2/12 
U 4,9,10,14 ASTMD2907 0.3 ug/l none Krizman 2/8-2/9 
DUPLICATES 
Sample Relative Deviation 
Identification Parameter Result Result % From Mean 
HER-044 U 0.0017 0.0018 2.9 


0.0035 on page 775 for HER 044 


ADVANCED TECHNIQUES AND INSTRUMENTATION FOR THE EARTH SCIENCES 


Larry Casebolt 
ENERGY FUELS NUCLEAR 
P.O. Box 36 
Fredonia, AZ 86022 


Attn: 
Project: Purchase order : 


Job: 901940E 
ADDITIONAL ANALYSIS 


QUALITY CONTROL STANDARDS 


Cert 
Parameter Result Result Target Range 
This is a different Gross Alpha than on page 758 
Gr. Alpha 197 + 5 198 178 - 218 
Gr. Beta 182 + 2 173 156 - 190 
Ra-226 114 + 3 104 94 - 114 
Th-230 93 + 3 99 89 - 109 
U 34 34 32 = 36 


Approved a - aoe 


cc: Bill Almas, ENERGY FUELS NUCLEAR 


15000 W. 6TH AVE. SUITE 300 
GOLDEN, COLORADO 8040: 
PHONE (303) 277-1687 


BARRINGER LABORATORIES INC. 195 DEMING WAY, SUITE 15 


SPARKS, NEVADA 89431 
PHONE: (702) 358-1158 


_16-Feb-90 


Page: 4 
Copy: 1 of 3 


Received: 8-Feb-90 


Status: Final 


? 
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ADVANCED TECHNIQUES AND INSTRUMENTATION FOR THE EARTH SCIENCES 


18000 W 6TH AVE SUITE 300 
GOLOEN COLORADO 80401 


PHONE (303) 277 1687 
BARRINGER LABORATORIES INC. it Deine ne, sate te 
INVOICE PHONE: (AONE 
Larry Casebolt Date : 22-Feb-90 
ENERGY FUELS NUCLEAR 
P.O. Box 36 Job : 901940E 
Fredonia, AZ 86022 
Invoice: 8194E 
Authority: PO #: 
Project: Terms: Net 30 Days 
Sample Type: Water 
Analyses: 
1 Gross Alpha-Beta/Dissolved 18.00 $ 18.00 
1 Ra-226/Dissolved 30.00 $ 30.00 
1 Th-230/Dissolved 29.00 $ 29.00 
1 U/Dissolved 15.00 $ 15.00 
TOTAL DUE: $ 92.00 


Remit to: Barringer Laboratories 
\ 15000 W. 6th Ave. 
Suite 300 
Golden, CO 80401 


--- Original --- 


ADVANCED TECHNIQUES AND INSTRUMENTATION FOR THE EARTH SCIENCES 


$000 W 6TH AVE SUITE 300 
GOLDEN COLORADO 80401 


PHONE (303) 277 1687 
BARRINGER LABORATORIES INC. wea ie thie casa 
SPARKS, NEVADA 89431 
PHONE: (702) 358-1158 
Ss “7 9-Jan-90 

Bill Almas ee page 775 different date than previous 5 pages 

ENERGY FUELS CORPORATION Page: L 

One Tabor Center Copy: i of 2 

1200-17th St. Set : Al 

Suite 2500 

Denver, CO 80202 er 

Authority: eee 

Project : Purchase order : 

Job: 663E Status: Final 

ADDITIONAL ANALYSES 
Sample Type: Water 
HCO3 CO3 Ca Cl Cr Specific F 
as CaCcCO3 as CacCO3 Total Total Conductance 
Sample mg/l mg/l mg/l mg/l mg/l umho/cm mg/l 
HER 044 91.8 <1 549 43: -<0)..01 3230 det 
Mg PH PO4 as P K $i02 Na TDS S04 
Total Total Total Total 
Sample _mg/l unit mg/l mg/l mg/l mg/l mg/l mg/l 
HER 044 176 7.82 0.21 27 «2 B Es eee 80.5 3350 2220 


HER 044 is from 6/29/89 


ADVANCED TECHNIQUES AND INSTRUMENTATION FOR THE EARTH SCIENCES 


Bill Almas 

ENERGY FUELS CORPORATION 
One Tabor Center 
1200-17th St. 

Suite 2500 

Denver, CO 80202 


Authority: 
Project : Purchase order : 
Job: 633E 

ADDITIONAL ANALYSES 
Abbreviations: 


Analyses: 


HCO3 : Bicarbonate 
CO3 : Carbonate 
Ca : Calcium 
cl : Chloride 
cr : Chromium 
F : Fluoride 
Mg : Magnesium 
P04 as P : Phosphate 
K : Potassium 
$i02 : Silica 
Na : Sodium 
TDS : Total Dissolved Solids 
S04 : Sulfate 
Units; 
mg/l : milligrams per liter 
pmho/cm : micromhos per centimeter @ 25C 
Quality control: 
< : less than 
Signed: 


Gary Zito 
Laboratory Supervisor 


15000 W 6TH AVE. SUITE 300 
GOLDEN, COLORADO 80401 
PHONE (303) 277 1687 


BARRINGER LABORATORIES INC. \Ss DEMING WAY, SUITE 18 


SPARKS, NEVADA 89431 
PHONE (702) 358-1158 


9-Jan-90 
Page: 2 


Copy: 1o0f 2 
Set : 1 


Status: Final 


ADVANCED TECHNIQUES AND INSTRUMENTATION FOR THE EARTH SCIENCES 


15000 W 6TH AVE SUITE 300 
GOLDEN COLORADO 8040! 
PHONE (303) 277 1687 


BARRINGER LABORATORIES INC. ee 
SPARKS, NEVADA 89431 
PHONE: (702) 388-1158 
9-Jan-90 
Bill Almas 
ENERGY FUELS CORPORATION Page: 3 
One Tabor Center Copy: 1of 2 
1200-17th St. 
Suite 2500 
Denver, CO 80202 
Authority: 
Project : Purchase order : 
Job: 633E Status: Final 
ADDITIONAL ANALYSES 
QUALITY CONTROL DATA SHEET 
Time Received: Date: 12/15/89 By: T.Moncrief Via: 
Sample Container Type: 
Sample Type: water 
Preservative When Received: 1.HNO3 2.none 
Additional Lab Preparation: none 
Date(s) of 
Parameter Ref Method LLD Preservative Analyst Analysis 
PO4 1 365.1 0.1 mg/l 2 Hobbs 12/18 
Ci 1 225.2 1 mg/l 2 Hobbs 12/18 
Sp.Cond. 1 1201 0.001 mg/l 2 Hencmann 12/18 
pH i 150.1 0.01 unit 2 Acree 12/18 
HCO3/C0O3 1 210.1 1 mg/l 2 Acree 12/18 
S04 1 375.3 5 mg/l 2 Acree 12/18 
Ca 1 200.7 0.01 mg/l 1 Hidalgo 12/18 
cr 1 200.7 0.01 mg/l 1 Hidalgo 12/18 
K 1 200.7 0.5 mg/l 1 Hidalgo 12/18 
Mg | 200.7 0.01 mg/l Z. Hidalgo 12/18 
Na 2 200.7 0.01 mg/l 1 Hidalgo 12/18 
sio2 1 200.7 0.01 mg/l 1 Hidalgo 12/18 
F 1 340.2 0.05 mg/l 2 Acree 12/18 
TDS 1 160.1 10 mg/l 2 Acree 12/19 


ADVANCED TECHNIQUES AND INSTRUMENTATION FOR THE EARTH SCIENCES 


BARRINGER LABORATORIES INC. 


Bill Almas 

ENERGY FUELS CORPORATION 
One Tabor Center 
1200-17th St. 

Suite 2500 

Denver, CO 80202 


15000 W 6TH AVE. SUITE 300 
GOLDEN, COLORADO 80401 


PHONE (303) 277-1687 
1455 DEMING WAY, SUITE 15 
SPARKS, NEVADA 89431 
PHONE: (702) 358-1158 
9-Jan-90 
Page: 4 


Copy: 1o0f 2 


Authority: 

Project : Purchase order 

Job: 633E Status: Final 

ADDITIONAL ANALYSES 
DUPLICATES 
Sample Relative Deviation 

Identification Parameter Result Result % From Mean 
HER 044 PO4 odd 213 0.0 
HER 044 cl 42.8 42.8 0.0 
HER 044 Sp.Cond. 3231.9 3231.9 0.0 
HER 044 pH 7.82 7.82 0.0 
HER 044 HCO3 91.8 91.8 0.0 
HER 044 S04 2217 2355 6.0 
HER 044 Ca 549 540 1.6 
“HER 044 cr <.01 -O1 == 
HER 044 K 27.2 27.4 0.7 
HER 044 Ng 176 172 2.3 
HER 044 Na 80.5 79.0 1.9 
HER 044 $i02 11.1 10.9 1.8 
HER 044 F 1.08 1.12 3.6 


Bill Almas 


15000 W 6TH AVE SUITE 300 
GOLDEN COLORADO 80401 
PHONE (303) 277 1687 


BARRINGER LABORATORIES INC. Mss DEMING WAY. SUITE 1 


SPARKS, NEVADA 89431 
PHONE (702) 358-1158 


9-Jan-90 


ENERGY FUELS CORPORATION Page: 5 


One Tabor Center 
1200-17th St. 
Suite 2500 
Denver, CO 80202 


Authority: 
Project 


Job: 633E 


Parameter Result 


PO4 -49 
cl 26.22 
Sp.Cond. 1413 
S04 1079 
Ca 2.12 
4 +213 
K 10.2 
Mg 2.00 
Na 85 
$i02 1.04 
F 54 
TDS 1470 


Approved by: 


Copy: 1 of 2 


Purchase order 


Status: Final 
ADDITIONAL ANALYSES 
QUALITY CONTROL STANDARDS 
Cert. Relative Deviation Spike % 
Result Target Range % From Known Recovery 
-50 -46 - .54 2.0 as 
26.05 24.1 - 27.7 0.7 -—— 
1413 mania 0.0 anal 
1000 900 - 1100 7.1 ==> 
2.00 1.80 - 2.20 6.0 ee 
-200 -180 = .220 6.5 104 
10.0 9.0 - 11.0 2.0 101 
2.00 1,80 = 2.20 0.0 o3 
86 -76 -°.96 1.0 pests 
1.07 -96 - 1.18 3.0 123 
-50 45 = .55 2.7 109 
1479 1332 = 1627 0.6 a 
st 


ADVANCED TECHNIQUES AND INSTRUMENTATION FOR THE EARTH SCIENCES 


15000 W. 6TH AVE., SUITE 300 
GOLDEN, COLORADO 80401 
PHONE: (303) 277-1687 


BARRINGER LABORATORIES INC. Mss DEMING WAY, SUITE 15 


SPARKS, NEVADA 89431 


PHONE: (702) 358-1158 
8-Dec-89 
Larry Casebolt 
ENERGY FUELS NUCLEAR Page: 1 
P.O. Box 36 Copyt- 3 of 3 
Fredonia, AZ 86022 Set : 1 
Authority: Received: 0/20/89" 
Project : Purchase order : 
Job: 891358E Status: Final 
Sample Type: Water 
HCO3 As Ba CO3 cd Ca cl cr 
as CacCO3 Total Total as CacoO3 Total Total Total 
Sample mg/l mg/l mg/l mg/l mg/l mg/l mg/l mg/l 
HER 051 150° 02022 0.01 <1 <0.005 547 39 0.01 
Specific cu F Fe Pb Mg Mn 
Conductance Total Total Total Total Total 
Sample umho/cm mg/l mg/l mg/l mq/l mg/l mg/l 
HER 051 3600 <0.01 Leas 4.7r <0,.02 201 0.39 
Hg NO3 as N PO4 as P K Se $io2 Ag Na 
Total Total Total Total Total Total 
Sample mg/l mg/l mg/l mg/l mg/l mg/l mg/l mg/l 
HER 051 <0.0002 <0.1 <0O.1 31.6 0.023 9.8 <0.01 102 
TDS S04 zn Gross Alpha Error Gross Beta Error 
Total Total Total 
Sample _mg/l mg/l_ _mg/l pci/l 20% pci/l 20% 
HER 051 3220 2280 0.013 78 +21 54 +16 


Ra-226 Error Th-230 Error U 


Total Total Total 
Sample _pCi/l 20% pci/l 20% mg/l 
HER 051 0.8 +0.3 0.0 +0.4 0.0064 


ADVANCED TECHNIQUES AND INSTRUMENTATION FOR THE EARTH SCIENCES 


Larry Casebolt 


BARRINGER LABORATORIES INC. 


ENERGY FUELS NUCLEAR 


P.O. Box 36 
Fredonia, AZ 


Authority: 
Project : 


Job: 891358E 


Abbreviations: 


Analyses: 


86022 


Bicarbonate 


Arsenic 
Barium 
Carbonate 
Cadmium 
Calcium 
Chloride 
Chromium 
Copper 
Fluoride 
Iron 

Lead 
Magnesium 
Manganese 
Mercury 
Nitrate 
Phosphate 
Potassium 
Selenium 
Silica 
Silver 
Sodium 


Total Dissolved Solids 


Sulfate 
Zinc 
Radium-226 


Thorium-230 


Uranium 


Purchase order 


1§000 W. 6TH AVE., SUITE 300 
GOLDEN, COLORADO 80401 
PHONE: (303) 277-1687 


1455 DEMING WAY, SUITE 15 
SPARKS, NEVADA 89431 
PHONE: (702) 358-1158 


8-Dec-89 


Page: 2 
Copy: 3 of 3 
Set : 1 


Final 


ADVANCED TECHNIQUES AND INSTRUMENTATION FOR THE EARTH SCIENCES 


BARRINGER LABORATORIES INC. 


Larry Casebolt 
ENERGY FUELS NUCLEAR 
P.O. Box 36 


15000 W. 6TH AVE. SUITE 300 
GOLDEN, COLORADO 80401 
PHONE (303) 277.1687 


1455 DEMING WAY, SUITE 15 
SPARKS, NEVADA 89431 
PHONE: (702) 358-1158 


8-Dec-89 


Page: 3 
Copy: 3 of 3 


Fredonia, AZ 86022 ‘ 1 
Authority: 
Project : Purchase order : 
Job: 891358E Status: Final 
Units: 

mg/l : milligrams per liter 

pmho/cm : micromhos per centimeter at 25C 

pci/l : picoCuries per liter 

20% : * Counting error at the 95% confidence level, 20 


Quality control: 


< : less than 
a a f 
Signed: fam GeAKS 


eeeeve ceoseeerevreeeeeeeeeeee eee ee eee eee eeee 


David Lasher 
Laboratory Supervisor 


ADVANCED TECHNIQUES AND INSTRUMENTATION FOR THE EARTH SCIENCES 


15000 W. 6TH AVE., SUITE 300 
GOLDEN, COLORADO 80401 


PHONE: (303) 277-1687 
BARRINGER LABORATORIES INC. 1455 DEMING WAY, SUITE 15 
SPARKS, NEVADA 89431 
PHONE: (702) 368-1158 
8-Dec-89 
Larry Casebolt 
ENERGY FUELS NUCLEAR Page: 4 
P.O. Box 36 Copy: 3 of 3 
Fredonia, AZ 86022 
Authority: 
Project : Purchase order : 
Job: 891358E Status: Final 
QUALITY CONTROL DATA SHEET 
Time Received: Date: 10/20/89 By: T.Moncrief Via: Hand Deliv. 


Sample Container Type: small cube, large cube, glass bottle 


Sample Type: water 


Preservative When Received: 1.HNO3 2.H2SO04 3.none 4.Na0OH/Zn acetate 


Additional Lab Preparation: none 


Date(s) of 

Parameter Ref Method LLD Preservative Analyst Analysis 
HCO3 1 210.1 1 mg/l 3 Swanson 11/8 
As aL 206.2 0.001 mg/l 1 Gilleland 10/31 
Ba 1 200.7 0.01 mg/l 1 Hidalgo 11/14 
Cd 1 200.7 0.005 mg/l 1 Hidalgo 11/14 
Ca 1 200.7 0.01 mg/l 1 Hidalgo 11/14 
cl 1 325.2 1 mg/l 3 Hobbs 10/25 
CE iL 200.7 0.01 mg/l 2 Hidalgo 11/14 
Sp.Cond. 1 120.1 0.001 yumho/cm 3 Hencmann 10/30 
Cu 1 200.7. 0.01 mg/l 3 Hidalgo 11/14 
F 1 340.2 0.05 mg/l 3 Acree 10/31 
Fe 1 200.7. 0.01 mg/l 1 Hidalgo 11/14 
Pb 1 200.7 0.02 mg/l 1 Hidalgo 11/14 
Mg 1 200.7 0.01 mg/l 1 Hidalgo 11/14 
Mn | 200.7 0.01 mg/l 2, Hidalgo 11/14 
Hg a 245.1 0.0002 mg/l 1 Swanson 10/26 
NO3 1 353.1 0.1 mg/l 2 Hobbs 10/24 
PO4 1 365.1 0.1 mg/l 3 Hobbs 11/9 
K 2 200.7 0.5 mg/l 1 Hidalgo 11/14 
Se 1 270.2 0.001 mg/l z Swanson 11/6 
Si02 1 200.7 0.01 mg/l | Hidalgo 11/14 
Ag 1 200.7 0.01 mg/l 1 Hidalgo 11/14 
Na 1 200.7 0.01 mg/l 1 Hidalgo 11/14 


ADVANCED TECHNIQUES AND INSTRUMENTATION FOR THE EARTH SCIENCES 


Larry Casebolt 
ENERGY FUELS NUCLEAR 


P.O. Box 36 

Fredonia, AZ 86022 
Authority: 

Project : 

Job: 891358E 

TDS 1 160.1 
S04 Hi 375.3 

Zn 1 200.7 O. 
Gr.Alpha 4 900.0 
Gr.Beta 4 900.0 
Ra-226 4,7,14 SM 705 
Th-230 11 =—=< 

U 4,9,10,14 ASTM D2907 


BARRINGER LABORATORIES INC. 


15000 W. 6TH AVE, SUITE 300 
GOLDEN, COLORADO 80401 
PHONE (303) 277-1687 


1455 OEMING WAY, SUITE 15 


Purchase order :; 


mg/l 
mg/l 
mg/l 
pci/l 
pci/l 
pci/l 
pci/l 
ug/l 


WWWWW eH Ww Ww 


SPARKS, NEVADA 89431 
PHONE: (702) 358-1158 
8-Dec-89 
Page: 5 
Copy: 3 of 3 
Status: Final 
Acree 10/26 
Acree 10/25 
Hidalgo 11/14 
Seidel 11/27-12/5 
Seidel 11/27-12/5 
Howard 13/13-13/16 
Jackson, Ortiz 11/15=11/22 
Krizman 10/25-10/27 


ADVANCED TECHNIQUES AND INSTRUMENTATION FOR THE EARTH SCIENCES 


Larry Casebolt 
ENERGY FUELS NUCLEAR 
P.O. Box 36 


Fredonia, AZ 86022 


Authority: 
Project : 


Job: 891358E 


Sample 
Identification 


HER 
HER 
HER 
HER 
HER 
HER 
HER 
HER 
HER 
HER 
HER 
HER 
HER 
HER 
HER 
HER 
HER 
HER 
HER 
HER 
HER 
HER 
HER 


051 
051 
051 
051 
051 
051 
051 
051 
051 
051 
051 
051 
051 
051 
051 
051 
051 
051 
051 
051 
051 
051 
051 


Purchase order : 


DUPLICATES 
Parameter Result 

HCO3 150.2 
As -020 
Ba -0O1 
Cd <.005 
Cl 39 
cr -O1 
Sp.Cond 3601 
Cu <.01 
F 1.43 
Fe 4.71 
Pb <.02 
Mg 201. 
Mn .39 
Hg <.0002 
NO3 <i 
PO4 <.1 
K 31.6 
Se -026 
$i02 9.8 
Ag <.01 
Na 102 
zn -013 
U -0064 


Result 


<.0002 
<.1 
fad 
320A: 
-026 
10.0 
<.01 
104 
-015 
- 0063 


BARRINGER LABORATORIES INC. 


15000 W. 6TH AVE. SUITE 300 
GOLDEN, COLORADO 80401 


PHONE: (303) 277-1687 
1455 DEMING WAY, SUITE 15 
SPARKS, NEVADA 89431 
PHONE: (702) 358-1158 
8-Dec-89 
Page: 6 
Copy: 3 of 3 


Status: 


Final 


Relative Deviation 
% From Mean 
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ADVANCED TECHNIQUES AND INSTRUMENTATION FOR THE EARTH SCIENCES 


BARRINGER LABORATORIES INC. 


15000 W. 6TH AVE., SUITE 300 


GOLDEN, COLORADO 


PHONE 


80401 
(303) 277-1687 


1455 DEMING WAY, SUITE 15 
SPARKS, NEVADA 


89431 


PHONE: (702) 358-1158 
8-Dec-89 
Larry Casebolt 
ENERGY FUELS NUCLEAR Page: 7 
P.O. Box 36 Copy: of 3 
Fredonia, AZ 86022 
Authority: 
Project Purchase order 
Job: 891358E Status: Final 
QUALITY CONTROL STANDARDS 
Cert. Relative Deviation Spike % 
Parameter Result Result Target Range % From Known Recovery 
As -100 -100 -080 - .118 0.0 = 
Ba 1.03 «97 -87 - 1.07 6.0 102 
Cd oLG3 -200 -180 - .220 3.5 102 
Ca 2.04 2.00 1.80 - 2.20 2.0 <= 
cl 24.7 26.05 24.1 - 27.7 5.3 === 
cr ~197 - 200 ~180 = .220 Lee 95 
Sp.Cond. 1413 1413 <== 0.0 =-<—< 
Cu -214 - 200 -180 - .220 7.0 94 
F «50 -50 45 =- .55 0.0 82 
Fe seis - 200 -180 -.220 6.5 <a 
Pb -217 - 200 -180 -.220 8.5 103 
Mg 2.19 2.00 1.80 - 2.20 9.5 —<—= 
Mn -204 -200 -180 - .220 2.0 105 
Hg -005 -005 -004 - .006 0.0 100 
NO3 2203 1.98 1.78 = 2.18 2.5 72 
PO4 « Bd. -50 -46 - .54 2.0 a 
K 10.2 10.0 9.0 - 11.0 2.0 102 
Se -025 -025 -017 - .028 0.0 as 
Si02 1.05 1.07 -96 - 1.18 2 99 
Ag -92 99 -89 - 1.09 7 90 
Na 94 86 «76 = .96 8.0 wae 
TDS 1390 1479 1331 = 1627 6.2 << 
S04 1033 1000 900 - 1100 3.2 == 
Zn -199 -200 -180 - .220 0.5 97 
Gr.Alpha 177 + 4 198 178 - 218 10.6 mien 
Gr.Beta 163 + 2 179 161 - 197 8.9 =<= 
Ra-226 104 + 3 101 96 - 106 30 ——< 
Th-230 103 = 3 99 94 - 104 4.0 a 
U 36 34 32 — 36 5.9 —— 


Approved by: 


ADVANCED TECHNIQUES AND INSTRUMENTATION FOR THE EARTH SCIENCES 


Date Collected: 6/29/89 


BARRINGER LABORATORIES INC. 


Energy Fuels 

P.O. Box 36 

Fredonia, AZ 86022 

ATTN: L. Casebolt 

Client No. Log No. 633 


Sample Type: water 


RESULTS OF ANALYSIS 


As Ba Cd Cu 
Sample Total Total Total Total 
Identification mg/1 ng/1 mg/1 mg/1 
HERO44 004 -02 -006 .02 
SEE 
Hg Se 
_ Sample Total NO, as N Total 
Identification mg/1 ng/1 mg/1 
HERO44 <.0002 ae, 020 
Gross Alpha Gross Beta 
(Total) (Total) 
Sample pCi/liter pCi/liter 
Identification +Precision* +Precision* 
HERO44 28 + 21 40 + 1l 


15000 W. 6TH AVE., SUITE 300 
GOLDEN, COLORADO 80401 
PHONE: (303) 277-1687 


1455 DEMING WAY, SUITE 15 
SPARKS, NEVADA 89431 
PHONE: (702) 358-1158 


Client PO No. 


Date Reported: 8/3/89 


Fe 


Pb Mn 


Total Total Total 
mg/1 mg/1 mg/1 


12.0 <.02 23 


Ag 


Zn 


Total Total 
mg/1 mg/1 


<.01 


+077 


Uranium 
(Total) 


mg/liter 
0.0035 


* Variability of :the radioactive disintegration process 
(counting error) at the 95% confidence level, 20 


Approved by A. ah 
ADVANCED TECHNIQUES AND INSTRUMENTATION FOR THE EARTH SCIENCES 


Barringer Laboratories 
15000 W. 6th Avenue 


Suite 300 


Golden, CO 80401 
(303) 277-1687 


Energy Fuels 

P.O. Box 36 
Fredonia, AZ 86022 
ATTN: Larry Casebolt 
LGN: 633 


QUALITY CONTROL DATA SHEET 


Time Received: 9:00 Date: 7/7/89 By: Gina Reichert 


Sample Container Type: large cube, small cube 
Sample Type: water 


Preservative When Received: l. HNO, 2% H,S0, 3. None 4. NaOH 


Additional Lab Preparation: None 


Approved by : : 2h 


Via: UPS 


Date(s) of 
Analysis 


7/19/89 
7/19/89 
7/20/89 
7/20/89 
7/20/89 
7/20/89 
7/20/89 
7/20/89 
7/20/89 
7/20/89 
7/20/89 
7/20/89 
7/19-7/31/89 
7/26-7/29/89 


Relative Deviation 


Parameter Reference Method LLD Preservative Analyst 
Arsenic 1 206.2 1 ug/1 1 G. Gilliland 
Selenium 1 270.2 1 ug/l 1 G. Gilleland 
Nitrate 1 353.1 0.1 mg/1 2 D. Hobbs 
Mercury 1 245.1 0.2 ug/l 1 M. Swanson 
Barium 1 200.7 10 ug/1 1 D. Hidalgo 
Cadmium 1 200.7 5 ug/l 1 D. Hidalgo 
Copper 1 200.7 10 ug/1 1 D. Hidlago 
Iron 1 200.7 10 ug/l 1 D. Hidalgo 
Lead 1 200.7 2 ug/l 1 D. Hidalgo 
Manganese 1 200.7 1 ug/l 1 D. Hidalgo 
Silver 1 200.7 10 ug/1 1 D. Hidalgo 
Zinc 1 200.7 5 ug/l 1 D. Hidalgo 
Alpha-Beta 4 1.0,2.0 pCi/1 3 M. Kidwell 
Uranium 4,14 0.3 ug/l 3 B. Tonning 
DUPLICATES 
Sample. 

Identification Parameter Result Result 
HERO44 Arsenic -004 .005 
HERO44 Selenium -019 -019 
HERO44 Nitrate 3 3 
HERO44 Mercury <.0002 <.0002 
HERO44 Barium -02 -02 

pg. 


From Mean 


20.0% 
0.0% 
0.0% 
0.0% 
0.0% 


1 of 2 


4 


® 


Barringer Laboratories 
15000 W. 6th Avenue 
Suite 300 

Golden, CO 80401 
(303) 277-1687 


Energy Fuels 
P.O. Box 36 
Fredonia, AZ 86022 


ATTN: Larry Casebolt 


LGN: 633 
QUALITY CONTROL DATA SHEET (cont'd) 
DUPLICATES (cont'd) 

Sample Relative Deviation 
Identification Parameter Result Result From Mean 
HERO44 Cadmium .006 <.005 --- 
HERO44 Copper .02 02 0.0% 
HERO44 Iron 12.0 11.9 0.8% 
HERO44 Lead <.02 <.02 0.0% 
HERO44 Manganese 23 +23 0.0% 
HERO44 Silver <.01 <.01 0.0% 
HERO44 Zinc -077 074 3.9% 
HERO44 Gross Alpha 13 = 19 42 + 23 54.0% 
HERO44 Gross Beta 39 + 11 42 + 11 3.7% 

QUALITY CONTROL STANDARDS 

Certified Relative Deviation Spike % 
Parameter Result Result Target Range From Known Recovery 
Arsenic 062 062 -048 - .073 0.0% 100 
Selenium 009 009 .006 - .012 0.0% --- 
Nitrate 2.08 1.98 1.78 - 2.18 4.9% 101 
Mercury 005 -005 -004 - .006 0.0% 100 
Barium -96 97 -87 - 1.07 1.0% 97 
Cadmium .212 - 200 -180 - .220 6.0% 98 
Copper 205 -200 -180 - .220 2.5% 104 
Iron .219 - 200 -180 - .220 9.5% --- 
Lead 181 - 200 -180 - .220 9.5% 97 
Manganese 207 - 200 -180 - .220 3.5% 106 
Silver -90 -99 -89 - 1.09 9.0% 90 
Zinc 203 -200 -180 - .220 1.5% 115 
Gross Alpha 216 + 4 198 178 - 218 9.1% “= 
Gross Beta 175 + 2 179 161 - 197 Zelh -— 
Uranium 33 34 32 - 36 2.9% am 


Approved by Parhash logy , ; 
pe. 2 of 2 


ee 15000 W. 6TH AVE, SUITE 300 
GOLDEN, COLORADO 80401 
PHONE (303) 277 1687, 
BARRINGER LABORATORIES INC. ae en he. Gerke 1s 
SPARKS, NEVADA 89431 
PHONE: (702) 358-1158 
Energy Fuels Nuclear, Inc. 
P.O. Box 36 
Fredonia, AZ 86022 
ATTN: Larry Casebolt 
Client No. Log No. 344 Client PO No. 


Sample Type: water 


Date Collected: 5/31/89 Date Received: 6/2/89 Date Reported: 7/21/89 


RESULTS OF ANALYSIS 


Alkalinity HCO co As Ba 


Sample as CaCO as cato., as Caco Total Total 
Identification mg/1 ng/1 mg/1 ng/1 mg/1 
HERO41 159 159 <l -006 <.01 

Cd Ca Cr Cu 

Sample Total Total Cl Total Conductance Total 
Identification mg/1 mg/1 mg/1 ng/1 umhos/cm mg/1 
HERO41 -005 546 39.6 Ol 3200 02 

Fe Pb Mg Mn Hg 

Sample F Total Total Total Total Total No, as N 
Identification mg/1 mg/1 mg/1 mg/1 mg/1 mg/1 ing/1 
HERO41 1226 9.85 <.02 187 ol? -0002 <.l 


Approved by db [on ae 
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Energy Fuels, Inc. 
P.O. Box 36 
Fredonia, AZ 86022 


ATTN: Larry Casebolt 


LGN: 344 
Sample pH PO), 
Identification units mg/1 
HERO41 7<39 < 
Sample TDS TSS 
Identification ng/1 ng/1 
HERO41 3470 88 
Gross Alpha 
(Total) 
Sample pCi/liter 
Identification +Precision* 
HERO41 140+ 20 


Approved by <5 


Zn 
SO Total 
a mg/1 


2360 HQ15 


Gross Beta 
(Total) 
pCi/liter 


+Precision* 


39 + 11 


Barringer Laboratories 
15000 W. 6th Avenue 
Suite 300 

Golden, CO 80401 
(303) 277-1687 


Se Ag Na 
Total $id Total Total 
mg/1 nerd mg/1 mg/1 
.018 12.1 <.01 82.0 
Ra-226 
(Total) 
S pCi/liter 
mg/1 +Precision* 
<2 12 2 0.4 
Th-230 
(Total) Uranium 
pCi/liter (Total) 
+Precision* mg/liter 
0.0 £ (0:5 0.0029 


* Variability of the radioactive disintegration process 
(counting error) at the 95% confidence level, 20 
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P.O. Box 36 


LGN: 344 


Parameter 


Nitrate 
Chloride 
Phosphate 
Mercury 
Barium 
Cadmium 
Calcium 
Chromium 
Copper 
Iron 

Lead 
Magnesium 
Manganese 
Potassium 
Silica 
Selenium 
Conductance 
Alkalinity 
Arsenic 
pH 
Fluoride 
Silver 
Sodium 
Zinc 

TSS 

TDS 
Sulfate 


Energy Fuels 


Fredonia, AZ 86022 


ATTN: Larry Casebolt 


Time Received: 9:30 


Additional Lab Preparation: 


Reference 


ep pe 


QUALITY CONTROL DATA SHEET 


Date: 6/2/89 


2. H,SO 

None 
Method LLD 
353.1 0.1 mg/l 
325.2 0.2 mg/l 
365.1 0.01 mg/l 
245.1 0.2 ug/l 
200.7 10 ug/1 
200.7 5 ug/l 
200.7 10 ug/1 
200.7 10 ug/1 
200.7 10 ug/1 
200.7 10 ug/1 
200.7 2 ug/1 
200.7 10 ug/1 
200.7 1 ug/1 
200.7 10 ug/1 
200.7 10 ug/1 
270.2 1 ug/l 
120.1 0.1 umhos/cm 
210.1 0.5 mg/1 
206.2 1 ug/1 
150.1 0.01 units 
340.2 0.1 mg/1 
200.7 10 ug/1 
200.7 10 ug/1 
200.7 5 ug/l 
160.2 4 mg/l 
160.1 10 mg/1 
375.3 0.1 mg/1 


Preservative When Received: 1. HNO, 


Approved by b Sie : 


Sample Container Type: large cube, small cube 
Sample Type: water 


Preservative 


Barringer Laboratories 
15000 W. 6th Avenue 


Suite 300 


Golden, CO 80401 
(303) 277-1687 


By: Gina Reichert Via: Fed. Express 
3. None 4. NaOH 
Date(s) of 
Analyst Analysis 
2 D. Hobbs 6/6/89 
3 D. Hobbs 6/7/89 
3 D. Hobbs 6/12/89 
1 M. Swanson 6/15/89 
1 D. Hidalgo 6/19/89 
1 D. Hidalgo 6/19/89 
1 D. Hidalgo 6/19/89 
l D. Hidalgo 6/19/89 
1 D. Hidalgo 6/19/89 
1 D. Hidalgo 6/19/89 
1 D. Hidalgo 6/19/89 
1 D. Hidalgo 6/19/89 
1 D. Hidalgo 6/19/89 
1 D. Hidalgo 6/19/89 
1 D. Hidalgo 6/19/89 
l G. Gilleland 6/23/89 
3 A. Knudson 6/26/89 
3 M. Swanson 6/26/89 
1 G. Gilleland 6/27/89 
3 A. Knudson 6/28/89 
3 A. Knudson 6/29/89 
1 D. Hidalgo 6/19/89 
1 D. Hidalgo 6/19/89 
1 D. Hidalgo 6/19/89 
3 A. Knudson 6/26/89 
3 A. Knudson 6/26/89 
3 A. Knudson 6/26/89 
pg. 1 of 4 


15000 W. 6TH AVE., SUITE 300 
GOLDEN, COLORADO 80401 


PHONE (303) 277-1687 
BARRINGER LABORATORIES INC. 1455 DEMING WAY, SUITE 15 
SPARKS, NEVADA 89431 
PHONE: (702) 358-1158 
ngery Fuels Nuclear, Inc. 
-O. Box 36 
outh Hwy 89A 
Fredonia, AZ 86022 
a Larry Casebolt 
Bisent No. Log No. 9382 Client PO No. 
i... Type: water 


ate Collected: 12/21-27/88 BabeuBgce! vetiedGicoon Date Reported: 1/30/89 
Supposed to be received within 


RESULTS OF ANALYSIS 


| Alkalinity HCO3 COs 
Sample as Cacd3 as Cacd3 as Caco3s NH4 as N 
Identification ng/l mg/l ng/l ag/l 


ie 157 157 <1 ei 


As Ba Cd Ca 
Sample Total Total B Total Total fon | 
ener mg/l nq/l mg/l ng/l ag/} raa/l 
FpRos2 Wwe »006 .04 .16 <.005 533 40.1 


Approved by ete pg. 1 of 4 


ADVANCED TECHNIQUES AND INSTRUMENTATION FOR THE EARTH SCIENCES 


nergy Fuels 
-O. Box 36 
outh Hwy 89A 


Sample 


Sample 


ee 
fFros2 


redonia, AZ 86022 


TTN: Larry Casebolt 


dentification 


Barringer Laboratories 
15000 W. 6th Avenue 
Suite 300 

Golden, CO 80401 
(303) 277-1687 


Cr Cu Fe 
Total Conductance Total F Total 
nq/l umho/cm mq/l ng/l nq/l 
-O1 3440 04 1.41 7.33 
Pb Mg Mn Hg Mo 
Total Total Total Total Total 
mg/l mg/l mg/l ag/l ag/l 
<.02 177 210 <.0002 201 


pproved by MSde Pg. 2 of 4 


nergy Fuels 
-O. Box 36 
outh Hwy 89A 


§ 
i 
i 
f 


Fredonia, AZ 86022 


Born: Larry Casebolt 


: 9382 


<1.0 


12.6 


Ag 
Total 


pproved by AS 


Na 
Total 
~Ra/) 


73.6 


Barringer Laboratories 
15000 W. 6th Avenue 
Suite 300 

Golden, CO 80401 
(303) 277-1687 


21.6 -012 
TDS Tss S04 
ag/}) aa/i) ag/) 
3430 3 2220 
pg. 3 of 4 


nergy Fuels 
-O. Box 36 

Cuth Hwy 839A 
redonia, AZ 


_-, = = a oe 


TTN: Larry Casebolt 


Barringer Laboratories 


15000 W. 6th Avenue 
Suite 300 

Golden, CO 80401 
(303) 277-1687 


Bsn: 9382 
Gross Alpha Gross Beta 
2n (Total) (Total) 
Sample S03 Total pCi/liter pCi/liter 
Identification mq/il nq/l +Precision* +Precisions 
a <5 136 142 + 18 30 + 10 
Ra-226 Th-230 
f (Total) (Total) Uranium 
Sample pCi/liter pCi/liter (Total) 
identification +Precision* +Precision* mg/liter 
HRO32 2.1 + 0.5 0.6 + 0.6 0.0024 


* Variability of the radioactive disintegration process 


(counting error) at the 95% confidence level, 2g 
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BARRINGER LABORATORIES INC 


Energy Fuels Noclear, Inc. 
P.O. Box 36 

Fredonia, AZ 86022 

ATTN: Larry Casebolt 

Client No. 

Sample Type: water 


Date Collected: 


Log No. 8851 


RESULTS OF ANALYSIS 


19000 W. 6TH AVE. SUITE 300 
GOLDEN, COLORADO — 80401 
PHONE: (203) 277-1687 


1486 DEMING WAY, SUITE be 
SPARKS, NEVADA 


PHONE: (702) netiee 


Client PO No. 


Date Received: 9/29/88 Date Reported: 11/15/88 


Alkalinity co As 
le ag Can, as 3 as 3 NH, as N Total 
Identification mg/l mg/1 mq/ 1 mg/ 1 mq/ 1 
HRO25 (Hermit Mine) 157 157 <a 0.1 0.020 
Ba B Cd Ca Cr 

Semple Total Total Total © Total cl Total 
Identification mg/1 mq/1 mg/1 mg/l mg/l m/l 
HRO2S (Hermit Mine) 0.04 0,38 © 005 494 42.3 0.13 

Cu Fe Pb Mg 

Sample Conductance Total F Total Total Total 
Idanti fication pmho/cm mg/1 mg/l mg/1 mg/1 mg/l 
HRO2S (Hermit Mina) 3340 0,02 1,32 6.21 0.02 169 


Energy Fuels 
P.O. Box 36 
Fredonia, AZ 86022 


ATIN: Larry Casebolt 


LGN: 8851 
Mn 
Sample Total 
Identification mg/1 
HRO2S (Hermit Mine) 0.09 


K 
Sample Total 
Idantification mg/1 
HRO25 (Hermit Mine) 19.4 
Sample Tss 
Identification mg/l 
HRO25 (Hermit Mine) 14 


ee eS i = 


0.0003 


0.037 


2080 


0.070 


Barringer Laboratories 
15000 W. 6th Avenue 
Suite 300 


Golden, CO 80401 
(303) 277-1687 


mg/l units mg/l 
0.1 7,20 0.1 
Ag Na 
Total Total TDs 
mq/1 mg/1 mg/1 
0.02 69,5 3430 
Sulfite 
Total 
mg/l 
<2 


786 


NOU-28-'88 12: 


Fuels 
P.O. Box 36 
Fredonia, AZ 86022 


ID: ENERGYFUELS FREDONIA 


ATTN: Larry Casebolt 


LGN: 8851 


Sample 
Identification 
HRO25 (Hermit Mine) 


Sanple 
Identification 


HRO2S (Hermit Mine) 


Gross Alpha’ 
(Total) 
pci/liter 
+Pracision* 


76 + 25 


Th-230 
(Total) 
pci/ liter 
+Precision* 


0.4+0.4 


Nv $@26d53641 BiS5 =.c 


Uranium 
Total) 


MS /liter 


0.0022 


Barringer Laboratories 
15000 W. 6th Avenue 
Suite 300 

Golden, CO 80401 
(303) 277-1687 


Variability of the radioactive disintegration process 
(counting error) at the 95% confidence level, 26 


Gross alpha & gross beta results are based on Thorium-230 
and Strontium-90 calibration standards respectively. 
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Energy Fuels 
One Tabor Center 
Suite 2500 
1200-17th Street 


Denver, CO 80202 


ATTN: Bill Almas 


Client No. | 


Sample Type: water 


Date Collected: 


Sample 


Identification 


HRO19 


Sample 
Identification 


HRO19 


0.025 


eee Lae 


Log No. 8386 


155 


41 


BARRINGER LABORATORIES INC. 


<1 


SCO w ETM AVE. SUITE 100 
GOLDEN. COL™RA00 $0801 
PHONE (300) 277 067 


1468 OEMING WAY. SUITE 16 


SPARKS, NEVAOA $0431 
PHONE: (702) 388-1198 
Client PO No. 


Date Reported: 8/17/88 


AS Ba 
Total Total 

mg/1 mg/1 
0.015 0.02 

Cu 
Conductance Total 
umho/an _m/1 
3210 0.02 


eee ee ee ee ee” ee 


Barringer Laboratories 
15000 W. 6th Avenue 
Suite 300 
Golden, C 80401 
(303) 277-1687 


Energy Fuels 

One Tabor Center 
Suite 2500 
1200-17th St. 
Denver, CO 80202 


ATTN: Bill Almas 


LGN: 8386 
Fe Pb Mg Mn Hg 
Sample F Total Total Total Total Total 
Identification mg/1 mg/l mg/l mg/1 mg/1 mg/1 
HRO19 1.39 7.48 0.15 192 0.11 0.0011 
: K Se sio, Ag 
Sample NO, as N PO Total Total Tot4l Total 
Tdentification fig/1 mg/t mq/1 mq/ 1 mg/1 mg/l 
HRO19 0.1 <0.01 24.4 0.006 12.8 0.02 


edie: ewes 


Energy Fuels 

One Tabor Center 
Suite 2500 
1200-17th St. 
Denver, CO 80202 


ATTN: Bill Almas 


LGN: 8386 | 
4 Na 
Sample Total TDs SO 
Identification ‘mg/l =o mg@/1Ssmgb 
HRO19 78.8 3450 2240 


Rarringer Laboratories 
15000 W. 6th Avenue 
Suite 300 

Golden, CO 80401 
(303) 277-1687 


RES 


0.118 


BW” BARRINGER LABORATORIES INC 


Energy Fuels 

One Tabor Center 
Suite 2500 
1200-17th St. 
Denver, CO 80202 


ATTN: Bill Almas 


Client No. 


Sample Type: water 


Date Collected: 


Sample 
Identification 


HRO19 


Sample 


Identification 


HRO19 


x 


xk 


Log No. 8386 


Date Received: 7/13/88 


RADIOCHEMISTRY FINAL 
RESULTS OF ANALYSIS ** 


‘in-23U 
Total 


pCi/1 


+Precision* 


6.7 $0.7 


Gross Beta 
Total 


pCi/1 


+Precision* 


27 +10 


0.0025 


1$000 W 6TH AVE SUITE 309 
GOLDEN. COLORADO 90401 
PRONE ‘30D 277 1687 


1488 OEMING WAY SUITE 1§ 
SPARKS, NEVAOA 80431 
PHONE. 1202) 356-1168 


Client PO No. 


Date Reported: 8/10/88 


Ra-226 
Total 
pCi/l 


2.6 + 0 


+Precision* 


6 


Variability of the radioactive disintegration process 
(counting error) at the 95% confidence level, 20 


Inorganic results to follow at a later date 
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Barringer Laboratories 
15000 W. 6th Avenue 
Suite 300 

Golden, CO 80401 
(303) 277-1687 


Energy Fuels 

One Tabor Center 
Suite 2500 
1200-17th St. 
Denver, CO 80202 
ATIN: Bill Almas 
LGN: 8386 


| QUALITY CONTROL DATA SHEET 


Time Received: Date: 7/13/88 By: Gina Reichert Via: Federal Expres: 


Sample Container Type: large cube, small cube 
Sample Type: water 


Preservative When Received: 1. HNO3 2, H,SO, 3. as received 4, 2Zn Acetate 


Additional Lab Preparation: none 


Date(s) of 
Parameter Reference LLD Preservative Analyst Analysis 
Alpha-Beta 4 1.0,2.9 cci/l 3 Ortiz & Kidyell 7/14-7/21/88 
Radium 226 4,7 0.2 pci/l b Howard, Goodale, 
Kidwell & Garcia 7/26-7/29/88 
Thorium 230 1l 0.2 pei/l 3 Ortiz & Taylor 7/15-7/28/88 
Uranium 9,10 0.2 pci/l 3 B. Tonning 7/22-7/25/88 


QUALITY CONTROL STANDARDS 


Certified Acceptable Relative Deviation Spike % 
Parameter Result Result Target Range Fran Known Recovery 
Gross Alpha 193 + 4 198 178 - 218 2.6% — 
Gross Beta 178 + 2 175 157 - 193 1,7% --- 
Radium 226 109 + 3 101 96 — 106 8 0% --- 
Thorium 230 100 + 3 99 94 - 104 1.0% -— 
Uraniun 34 34 32 - 36 0.0% 101 


iS naan enisaccsaeecaliate 


"S000 W 8TH AVE SUITE 300 
GOLSEN. COLCRADO 90401 


AN Ey : PHONE (303) 277 1687 
a: « BARRINGER LABORATORIES INC. 1485 DEMING WAY, SUITE 1§ 
=P ca Li PR sc 

Energy Fules Nuclear 

One Tabor Center 

1200-17th St. 

Suite 2500 

Denver, CO 80202 

ATIN: Rich Munson . 

Client No. Log No, 8106 Client PO No, 


| 
Sample Type: water 


Date Collected: 4/28-4/29/88 Date Received: 5/2/88, Date Reported: 6/28/88 


Alkalinity HOO. CO As 
Sample as Caco as Cato as Caco NH, as N Total 
ane ' 3 3 3 é 
Identification mg/1 mg/l mg/1 mg/1 mg/l 
HRO12 159 159 <l 0,1 0.013 
Ba Cd Ca : Cr 
Sample , Total Total Total 3 | Total Conductance 
Identification mg/1 mg/l mg/1 mg/1 mg/1 umho/cm 
HRO12 0.01 <0,005 585 43 0,10 3430 
Cu Fe Pb Mg Mn 
Sample Total F Total Total Total Total 
Identification mg/1 mg/l mg/1 mg/1 mg/1 mg/1 
HRO12 0.01 1.47 4.03 <0,02 183 0.06 


Approved by Al Me + of 
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Baeuuaiiinrpmtiweinaeita wv FeBeEaeeeqgaeaetiqgiaas tt 


wee ae ae eee SS Bees ay 
BS ge eae ees = = DT SR eh oS ee a ~ 


j 
\ 
1$000 W. 6TH AVE, SUITE 300 : 
GOLOEN, COLORADO 90401 
PHONE (300) 277.1687 


145$ OEMING WAY, SUITE 16 


SPARKS, NEVADA 80431 
PHONE (702) 388-1188 
Energy Fuels Nuclear 
Qne Tabor Center 
1200-17th St. 
Suite 2500 
Denver, CO 80202 
ATIN: Rich Munson - 
LGN: 8106 
Hg K Se 
Sample Total NO, as N PH PO Total Total 
Identification mg/1 fig/1 units mg/1 mg/l mg/l 
HRO12 0.0011 0.7 8.02 0.1 25.3 0.009 
Ag Na zn 
Sample SiO Total Total TDS TSS 6) Total 
identification mg/l mg/1 mg/l mg/l mg/l mg) mg/1 
HRO12 13.6 0.01 70.1 3500 18 2230 <0.005 
Gross Alpha Gross Beta Pb-210 
Total Total Total 
Sample pcei/l pci/l peisi 
Identification +Precision* +Precision* +Precision* 
HRO12 0+ 19 31 + 12 0.5 + 0.9 


Not possible 


* Variability of the radioactive disintegration process 
(counting error) at the 95% confidence level, 26 


Approved by XL Se 


PHONE 


I” BARRINGER LABORATORIES INC 


mee Ss eee sees FHS See SS Fs we 


18000 W 6TH AVE. SUITE 300 
GOLDEN. COLORADO 8040! 


(303) 277 1687 


14$§ DEMING WAY, SUITE 1§ 


SPARKS, NEVADA 8943) 
PHONE (702) 388.1188 
Energy Fuels 
Qne Tabor Center 
1200 - 17th St. 
Suite 2500 
Denver, CO 80202 
ATIN:Rich Munson 
LGN: 8106 
| 
Po-210 Ra-226 Ra-228 
Total Total Total 
Sample pci/1l pci/l pci/l 
Identification +Precision* +Precision* +Precision* 
HRO12 0.8 + 0.5 3.5 + 0.7 0.0 + 0.7 
Tn-230 
Total U 
Sample pci/l Total 
Identification +Precision* mg/l 
HRO12 0.0 + 0.3 0.0025 


Variability of the radioactive disintegration process 
(counting error) at the 95% confidence level, 20 


Approved by a 
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'SQ00 W ETH AVE SUITE 300 
GOLDEN. COLORADO $0401 


a peoe PHONE 303) 277 1487 
Bex BARRINGER LABORATORIES INC cient aonte 
— SPARKS NEVADA $9431 
PrYONE 702) 358.1158 
Energy Fuels Nuclear 
One Tabor Center ‘ 
1200 - 17th St. 
Suite 2500 
Denver, CO 80202 
ATTN: Rich Munson 
LGN: 8106 
QUALITY CONTROL DATA SHEET 
Time Received: Date: 5/2/88 By: Gina Reichert Via: Airplane 
Sample Container Type: large cube, small cube 
Sample Type: water 
Preservative When Received: 1. HNO, Be H,SO, 3. as received 
Date(s) of 
Parameter Reference Method LLD Preservative Analyst Analysis 
Fluoride 1 340.2 5 mg/l 3 A. Knudson 5/16/88 
Conductance 1 120.0 0.1 mhos/cn 3 P. Huebner 5/16/88 
Chloride 1 325.3 0.2 m/l 3 D. Hobbs 5/16/88 
Selenium 1 270.2 2 ug/l 1 T. Carr 5/13/88 
Phosphate 1 365.1 0.01 mg/l 3 D. Hobbs 5/17/88 
pH 1 150.1 0.01 units 3 P. Huebner 5/17/88 
Alkalinity 1 310.1 0.5 mg/l 3 P. Huebner 5/17/88 
Barium 1 200.7 5 ug/l 1 J. Hageman 5/18/88 
Cadmium 1 200.7 5 ug/l d J. Hageman 5/18/88 
Calcium 1 200.7 10 ug/l 1 J. Hageman 5/18/88 
Chromium 1 200.7 10 ug/l 1 J. Hageman 5/18/88 
Copper 1 200.7 10 ug/l 1 J. Hageman 5/18/88 
Iron 1 200.7 10 yg/l 1 J. Hageman 5/18/88 
Lead 1 200.7 5 ug/l 1 J. Hagenan 5/18/88 
Magnesium 1 200.7 10 yg/1 1 J. Hageman 5/18/88 
Manganese 1 200.7 3 yg/l 1 J. Hageman 5/18/88 
Potassium 1 200.7 10 yg/l 1 J. Hageman 5/18/88 
Ammonia 1 350.1 0.1 mg/l 3 _ D. Hobbs 5/3/88 
Mercury 1 245.1 0.2 ug/l 1 G. Gilleland 5/12/88 
Arsenic 1 206.2 1 ug/l 1 T. Carr 5/23/88 
Silica 1 200.7 10 yg/l i J. Hageman 5/23/88 
Silver 1 200.7 5 ug/l 1 J. Hageman 5/18/88 
Sodium 1 200.7. 0.01 ug/l 1 J. Hagenan 5/18/88 
Zinc 1 200.7 5 ug/l 1 J. Hageman 5/18/88 
Total Suspended 
Solids 1 160.2 4 mg/l 3 R. Lovell 5/17/88 


>-; 
Approved by, bie ars 
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BW BARRINGER LABORATORIES INC. 


Energy Fuels Nuclear 
One Tabor Center 
1200 - 17th St. 
Suite 2500 

Denver, CO 80202 


ATIN: Rich Munson 


LGN: 8106 
QUALITY CONTROL DATA SHEET (cont'd) 

Parameter Reference Method LLD Preservative 
Total Dissolved 

Solids 1 160.1 10 mg/1 3 
Sulfate : 31503 0.1 mg/l 3 
Alpha-Beta 4 1.0,2.0 pCi/i 3 
Lead 210 5 1.0 pci/l 3 
Polonium 210 6 1.0 peasy 3 
Radium 226 4,7 0.2 pcei/l 3 
Radium 228 12,13,14 0.9 pei/l 3 
Thorium 230 11 0.2 wisi 3 
Uranium 9,10 0.2 pci/l 3 

DUPLICATES 
Sample 

Identification Parameter Result Result 
‘HRO12 Fluoride 1.49 1.49 
HRO12 Conductance 3370 3480 
PNO11 Chloride 16 16 
HRO12 Selenium 0.009 0.008 
PNO11 Phosphate | <0.1 
HRO12 PH 7.99 8.04 
HRO12 Alkalinity 159 159 
PNO11 Anmonia <0.1 <0.1 
HRO12 Silver <0.01 <0.01 
HRO12 Sodium 0.23 0.24 
HRO12 Zinc 0.011 0.011 
HRO12 Total Dissolved Solids 3510 3500 
HRO12 Total Suspended Solids 17 19 
HRO12 Sulfate 2230 2230 


oy 
Ke 


an te ee 


1$000 w 
GOLDEN 
PHONE 


6TH ave SUITE 300 
COLORADO 80401 
303) 277 1687 


‘485 DEMING WAY SUITE 1§ 


SPARKS N 
PHONE 


Analyst 


eh ad aa ob 


re 
wo 


2% 


Eva0A 3943) 


(702) 388.1158 


Date(s) of 
Analysis 


5/19/88 
5/19/88 
5/13-5/23/88 
5/9-5/25/88 
5/11-5/12/88 
5/9-5S/18/88 
5/17-5/27/88 
5/11-5/16/88 
5/10-5/12/88 


Relative Deviation 
From Mean 


SoOoCOOCOOFOWW 
oO 
oe 


fan mw Clos te — 


OY BARRINGER LABORATORIES INC 


Energy Fuels Nuclear 
One Tabor Center 
1200 - 17th St. 
Suite 2500 

Denver, CO 80202 


ATIN: Rich Munson . 


LGN: 8106 
Parameter Result 
Fluoride 0.51 
Chloride 26.5 
Selenium 0.009 
Phosphate 0.47 
Barium 0.98 
Cadmium 0.098 
Calcium 250 
Chranium 0.100 
Copper 0.105 
Iron 0.096 
Lead 0.106 
Magensium 0.103 
Manganese 0.104 
Potassium 9.84 
Ammonia 2.00 
Merucry 0.005 
Arsenic 0.099 
Silica 1.20 
Silver 0.97 
Sodium 0.80 
Zinc 0.106 
Total Dissolved 
Solids 1479 
Sulfate 1030 
Gross Alpha 198 + 6 
Gross Beta 108 + 2 
Lead 210 112 +1 
Polonium 210 109 
Radium 226 104 + 3 
Radium 228 40 + 2 
Thorium 230 97 + 3 
Uranium 32 


QUALITY CONTROL DATA SHEET (cont'd) 


Acceptable 
Target Range 
0.45 - 0.55 
22.3 = 28.7 
0.006 - 0.012 
0.46 - 0.54 
0.82 - 1.12 
0.080 - 0.108 
214 - 288 
0.088 - 0.118 
0.088 - 0.118 
0.087 - 0.117 
0.086 - 0.116 
0.085 - 0.115 
0.087 - 0.117 
8.5 =~ 11.5 
1.78 - 2.18 
0.003 - 0.006 
0.080 - 0.118 
0.91 - 1.23 
0.84 - 1.14 
0.73 - 0.99 
0.086 - 0.116 
1331 - 1627 
900 - 1100 
178 - 218 
94 - 114 
106 - 118 
106 - 118 
96 - 106 
38 - 42 
94 - 104 
32 = 36 


mmm CNeO@ Tue FARTH SCIFNCES neo 


‘SOOO w 6TH AVE SUITE 300 
GOLOEN. COLORADO 80401 
PHONE (303) 277 1687 


1488 DEMING WAY SUITE 16 
SPARKS NEVADA 3943) 
PHONE +702) 358 1158 


Relative Deviation Spike % 
From Known Recovery 
2.0% 102 
2.4% 98 
0.0% 104 
6.2% — 
1.0% 97 
4.0% 103 
0.0% 101 
3.0% 103 
2.0% 102 
6.0% 110 
5.0% . 105 
3.0% 97 
2.0% 105 
1.6% 103 
1.0% 97 
0.0% 75 
1.0% 80 
13.0% 119 
2.0% 98 
6.0% 92 
5.0% 114 
0.0% —_— 
3.0% _- 
0.0% — 
3.7% -—— 
0.0% ——< 
2.7% aad 
3.0% — 
0.0% is 
2.1% == 
5.9% aaa 
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INTERNATIONAL ATER PERMITS 


LU URANIUM (USA) FEB 0 1 1999 
CORPORATION RECEIVED 


H.C. 64 ¢ Box 153 © 2555 No. Highway 89A ¢ Fredonia, AZ 86022 © 520 643 7321 (phone) © 520 643 7328 (fax) 


January 29, 1999 


VIA UPS 

Mr. Craig DeWalt, REM 

Arizona Department of Environmental Quality 
3033 North Central Avenue, M0401A 
Phoenix, Arizona 85012 


Re: Hermit Mine - Clean Closure - Additional Information Requests 


Dear Craig, 


Pursuant to our telephone conversation on January 14, 1999, enclosed please find the additional 
information you requested in regard to the Hermit Mine Clean Closure report. 


/ 
International Uranium (USA) Corporation is submitting two copies of the additional information you 
requested in order to facilitate expeditious review of the responses and supporting documentation. 
[) After reviewing the enclosed data should you have any questions or require additional information 
please feel free to call Mr. Roger Smith, General Manager of Mining Operations or me at 520-643- 
J 7201. 


Very truly yours, 


Bhs thl Pttccsia 


Donn M. Pillmore 
Project Manager 


Enclosures 
Hermit Mine Clean Closure 
cc: Dennis L. Turner/ADEQ International Urani 
Leen anium (USA) Corp 


R. B. Smith Energy Fuels Nuclear, Inc. 


Inventory #100299 


WATER PERMITS 
FEB 01 1999 


HERMIT MINE CLOSURE RECEIVED 
ADDITIONAL INFORMATION REQUESTS PER PHONE CALL 
FROM CRAIG DEWALT W/ADEQ, JANUARY 14, 1999 


1) Discrepancy between well registration number cited in the Notice of Disposal documentation 
(reg. # 55-517832) and the well registration number on the monitoring well (55-518877). 


Please clarify. 


RESPONSE: 


Energy Fuels Nuclear, Inc. selected a drilling contractor and commenced drilling a 
water supply well on July 10, 1987. The registration number of this well was 55- 
517832. The bore hole was drift surveyed at a depth of 975 feet, which revealed the 
bore hole had drifted excessively. Because the drilling contractor specified a maximum 
deviation of 4 degrees, which was exceeded, the contractor elected to abandon the job. 
The bore hole was abandoned and reclaimed on August 19, 1987 in compliance with 
state regulations and all necessary forms and notices filed with the State. 


Drilling on the water well (Arizona Registration No. 55-518877) commenced on August 
27, 1987, after receipt of the necessary drilling permits from the Arizona Department 
of Water Resources. This well was completed to a total depth of 3,030 feet on 
December 23, 1987. The hole bottomed in the Redwall Limestone Formation. 


2) ADEQ needs a copy of the well completion/construction detail. Wants to know the TD of 
the well, where the aquifer was intersected, and where the pump is positioned. Also we need 
to verify the elevation of the bottom of the mine. 


RESPONSE 


The well was drilled to a total depth of 3,030 feet and bottomed in the Redwall 
Limestone Formation. Water was encountered at a depth of 2,855 feet and the pump 
was set at a depth of 1,917 feet. Dimensions and depths of the well and casing strings 


are presented as follows: 


Hole Size and Depth Casing Size and Length 

12 1/4"- Surface to 20 feet 10", 1/4" wall, 17 feet 

11" = - 20 to 980 feet 8 5/8", 24 Ib., 970 feet 

7 7/8" - 980 to 1,810 feet 5 1/2", 14 lb., 1,798 feet 

6 1/4" - 1,810 to 2,020 feet Uncased hole from 1,798 feet to 
4 3/4" - 2,020 to 3,030 feet 3,030 feet, TD 


A casing grout job was performed on the 5 1/2" casing by Halliburton Co. of Farmington, NM 
on November 4, 1987. An expandable packer shoe was installed at the bottom of the 5 1/2" 
casing to protect the open hole below the 1,798 foot depth. 


Mr. Craig DeWalt, REM 

Arizona Department of Environmental Quality 
January 29, 1999 

Page 2 


3) Latitude and Longitude of the monitor well. 
RESPONSE: 


Latitude: 36°41'21" N 
Longitude: 112°45'04" W 


4) A copy of the actual lab reports for all of the monitoring data, from mine closure in 1990 to 
present, that have been reported to the ADEQ on their data sheets. 


RESPONSE: 


A copy of the actual lab reports for all of the monitoring data from mine closure in 1990 to 
present are enclosed. Quarterly monitoring was being conducted between the 4th quarter 
1990 (sample HERO73) and the 2nd quarter in 1993 (sample HER137), for a total of 11 
laboratory analyses. Bi-annual monitoring commenced in 1993 (sample HER148), for a total 


of 11 laboratory analyses. 


5) A written explanation why the GWPP states that there will be a single pond with 12.6 acre 
feet and in fact we constructed 2 ponds (6.5 & 6.8 acre feet) and how this satisfied the 
requirements to be able to handle a 500 year storm event. 


- "As Built" drawings of the pond for the file 

- Documentation on pond construction if available 

- Written statement that the ponds were inspected on a weekly basis, and that when the 
pond liner was salvaged what condition it was in and whether or not it was reused on 


another project 


RESPONSE: 


Two ponds were constructed at the Hermit Mine with a total capacity of 13.3 acre feet. The 
pond was originally going to be constructed as a single 12.6 acre feet pond, but to facilitate 
mining operations the pond was constructed as two cells joined together with a spillway. The 
resultant facility was two cells, a 6.5 acre feet cell and a 6.8 acre feet cell. During life of the 
mining operation, it was only necessary to use the 6.5 acre feet cell, the 6.8 acre feet cell was 
never required for water strorage. 


An "as built" drawing of the pond can not be located, although, an "in-house" memorandum 
discussing the Hermit Pond Liner Installation is enclosed for your review. The two celled pond 


, f 
_ 


Mr. Craig DeWalt, REM 

Arizona Department of Environmental Quality 
January 29, 1999 

Page 3 


was inspected on a weekly basis to check the pond liner and verify there were no rips or 
damage which could cause leakage. The pond liner was salvage during reclamation activities 
for future use on other mining operations. 


6) Prepare and submit a summation of the monitor well water analysis from mine shut down in 
1990 to present. Include a statement to the effect that since there have not been any 
significant fluctuations in the monitoring results, that monitoring at the Hermit mine should 
be terminated. 


RESPONSE: 


A summary of all of the monitor well water analysis, from mine shut down in 1990 to present, 
has been prepared and is attached herewith. As noted in 4) above, quarterly monitoring was 
being conducted between the 4th quarter 1990 (sample HERO73) and the 2nd quarter in 1993 
(sample HER137), for a total of 11 laboratory analyses. Bi-annual monitoring commenced in 
1993 (sample HER148), for a total of 11 laboratory analyses. 


7) There was a letter, written March 8, 1995 by Roger Smith, that states steps will be taken to 
resolve the apparent exceedences from analysis performed on water samples from the 
monitoring well. Was there any follow-up to this letter? 


RESPONSE: 


No follow up letters or data can be located, however, it was determined at the time the 
malfunctioning pump was pulled from the well, that water samples were contaminated from 
heavy build up of scale material accumulated on the inside and outside of the pump discharge 
column. Also, a condition of natural occurring electrolysis at the pump elevation took place, 
significantly replacing the metal pump stator and column pipe with other minerals and metals. 
This condition clearly contributed to the minor exceedences detected during on going analysis 
of water from the monitor well. 


HERMIT MINE 
WATER WELL MONITORING DATA 
4th Quarter 1990 to Present 


Quarterly Sampling 


HERO73 || HERO94 |} HER100 |) HER112 || HER114 |} HER120 |) HER122 || HER126 

Collected |} Collected |} Collected |} Collected || Collected |} Collected |} Collected |} Collected 
Parameters 10/24/90 || 3/28/91 4/30/91 9/20/91 12/19/91 3/26/92 6/26/92 9/22/92 
| CCCCCSCCC*ith-1990__[1t-1991 [2nd-1991 [3rd-1991 [4th-1991 |1st-1992_[2nd-1992 _[3rd-1992 _| 
ie Cee eer erica ee eee 
Barium tC‘ CTC C—O ct 4] <0.01] 0.01 
Calcium CC tstC‘dLC“ (SCH 7QTCSB|SCCiéS'AY’(C @C(<ié‘“CGLCOC“‘éCSC|;:~«CO~C*C‘*S 24‘ 
ron tt—“‘iLCSCMT CAAT 707] — 1] 10]——(s 5.64] 5.40] 
lead CT S002] ~~ <0.02] ~~ <0.02] ~—<0.02] ~—<0.02] ~—<0.02| ~—<0.02] ~~ <0.02 
[Magnesium | 7] SST 191] S28] S184] tt t99| 204 
Manganese | S12] SD] ($s C09] .12] SO] ($s. 
Potassium | 20-4] 20-7] 27] 5] 20.2] 21.3] 214] 21.7 
pelenium == CTS <0.002] ~—<0.002] ~—<0.001]— <0.002/ —<0.002| —<0.002/ —<0.002] —<0.002 
[Sodium —C‘dEC ($C 75.1] 9.0], — 73.3] 75.5] 78.6] 79.1 
Zinc C—“*é‘“‘iLCSCsCi AAA] =~ <0.005] ——<0.005] —<0.005] 0.005] 0.052] 0.176] ~——0.038 
Fluoride | Ci] 5] OT] ST TT. 
[Chloride | CT $4 TO 5.0] 41.0 
INOZasN CT OT OT] OTTO <0.1 
Th230 (b) ss“ SC*d| S005] ~— 0.00.4] 0040.5] 0.040.5] 0.00.5] 0.00.5] 0.0405] —_—0.0+1.0 

LEGEND 


Units in mg/| unless noted 

(a)units in micro Mhos/cm 

(b)units reported in picocuries/| 

DL - Detection Limit 

BDL - Below Detection Limit 

MGL - Maximum Groundwater Limit 
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HERMIT MINE 
WATER WELL MONITORING DATA 
4th Quarter 1990 to Present 


Quarterly Sampling Bi-Annual Sampling 

HER150 HER167 HER176 

Collected |} Collected |} Collected 
12/09/94 }} 06/21/95 


Nh 


Mercu <0.0002| _<0.000 
Potassium : 22.8 
0.03: 2 

7 


5 
1 


No 
; 
= 


| _0.05; 


inc 


| luoride fk 


j 


Cojanjaj& 


Al shox 
Nis lala 
Oo] 


f=} {2) 


324 


_ A 
ONISIS 
O|N|= 


224 


1141 


7.440. 


1 
0.420. 0.40. 
0.0022] 0.0003[ _<0.0003] _0.001 


NIN|O 


— 
® 
& 
a}w 


0.000 


a 


Units in mg/| unless noted 

(a)units in micro Mhos/cm 

(b)units reported in picocuries/| 

DL - Detection Limit 

BDL - Below Detection Limit 
MGL - Maximum Groundwat« 
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HERMIT MINE 
WATER WELL MONITORING DATA 
4th Quarter 1990 to Present 


Bi-Annual Sampling 


HER183 HER189 HER192 HER208 HER218 


Collected Collected Collected Collected Collected 
11/14/95 12/30/97 


o|$ 
— 
N 


N 

(=) 
N 
ee 


0.0002] _<0.0002| _<0.000 
O| 21.0) 
<0.0 


j=) 

= 
N 
No 


(=) 
N 
Oo 


S) 
0 


00 . 
o) 


2 : 
N 
(=) 


cot 
oO 
= 
& 


Units in mg/l unless noted 

(a)units in micro Mhos/cm 

(b)units reported in picocuries/| 

DL - Detection Limit 

BDL - Below Detection Limit 
MGL - Maximum Groundwat 
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O}N 


a 


© 
= 
<e) 


0.001 0.001 <0.000: 0.000 


HER223 
Collected _|| 


Selenium 


HER228 
Collected 


2nd-1998 


= 
= 
nv 
3 
ro) 


sae 


<0.000: 

0.00 

0.01 

55. 

<0.000: 

<0.00 

<0.00 

19 

<0.00 
1 

0.34 

<0.000 

Potassium ; 

<0.00 

76 
inc d 

luoride F 
1 


A 
A oO NO : 
NIZIAI/-lo} = ‘ 
OJO/OCO/CO/AIM/D)/—/O}]M}]—]0/—=|/o/}/ 4 


320 
329 

0 
0.00 
190 
5. 
47+1 
49+1 
4.84.8 
0.14+0. 
0.00 


re) 
N 
fo) 


OIN 


Units in mg/I unless noted 

(a)units in micro Mhos/cm 

(b)units reported in picocuries/I 

DL - Detection Limit 

BDL - Below Detection Limit 
MGL - Maximum Groundwat 


BDL - .032 ; 
68.6 - 91.0 ; 


HERMIT MINE 
WATER WELL MONITORING DATA 
4th Quarter 1990 to Present 


STATISTICAL SUMMARY 


DATA RANGE 
MIN - MAX 


w 
1s) 
orl 


fo) 

fo) nls 
fo) e|a 
me 20) B41 <) 


wi} E Ino} |S or 
ro] o|= 
SlPlo food Reo Raed Keo) 

| w|BlolTm|OloO|MIN}]s 


NIN 


.010 - .341 . 
BDL - .0002 D 
20.0 - 25.0 ; 


1 


ak 
fe) 
Oo 
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; 
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MEMORANDUM 
To Rober A. Hembree, Mine Planning Engineer 
FROM: John F. Beesley, Jr. Mine Engineer 


SUBJECT: Hermit Pond Liner Installation 


DATE: September 3, 1987 


Installation of the pond liner at Hermit began August 12, 1987 with preparation of the 
pond bottom surfaces. The bottom and sides were rolled with a double drum, self-propelled, 
vibrating compactor. They were then inspected and any protruding rocks and twigs were 
removed. Preparation of the liner surface took 2 men 2 weeks to complete. Care was taken to 
ensure a smooth, competent bed for the liner. An anchor trench 1 foot deep and 18 inches wide 


was also cut during preparation for anchoring the liner. 


A high density, chlorosulfonated polyethylene, Hypalon liner, 36 mils thick, was laid down 
on August 18 and 19. We used 10 workers both days to spread the liner. Four panels, 57.75 feet 
by 200 feet, were spread for a total of 46,200 square feet of liner. Three field seams, each 200 
feet long, were seamed using trichloroethane prewipe and Hypalon to Hypalon bonding cement. 
Seaming was done under the direct supervision of myself to ensure that procedures were 
meticulously followed, ie., proper cleaning of surface, application of prewipe, even spreading of 
glue, liner laying flat with no wrinkles, surfaces pressed together and rolled flat. Seaming was not 


attempted when temperatures were lower than 75 degrees. 


All seams were checked with a 90 psi air lance. All bubbles, leaks and weak spots were 
patched and rechecked. The maximum depth of the pond is 10 feet, the airlance pressure 
corresponds to over 200 feet of water so seams are guaranteed to be water tight. All factory 
seams were also air lanced. As field engineer, I personally airlanced every foot of field seams. All 


field seams were checked at least three times and some even four times. Confidence that the liner 


is watertight is very high. 


The liner was installed following specifications outlined by the Hypalon manufacturer. We 
also complied with all other requirements as outlined in the mine plan. Volume of the pond has 


been calculated and is 6.5 acre feet. Only one side of pond was lined 


GOLDEN, COLORADO 80401 
BARRINGER LABORATORIES INC. | prone: (303) 277-1687 
1-Feb-91 
Larry Casebolt 
ENERGY FUELS NUCLEAR Page: 1 
P.O. Box. 36 Copy: 2<of 3 
Fredonia, AZ 86022 Set : 1 
Attn: Received: 26-Oct-90 15:23 
Project: PO #: 
Job: 903500E Status: Final 
AMENDED REPORT 
Sample Type: Water 
Alkalinity CO3 HCO3 Gl pH Specific TDS 
as CacO3 as CaCcCO3 as CaCO3 Conductance 


15000 W. 6TH AVE., SUITE 300 


Sample mg/l mg/l mg/l mg/l _unit umho/cm mg/l 


HERO73 — 161 <1 161 40 7.38 3470 3380 
TSs NO3 as N PO4 as P S04 S$io2 As Ba 
Total Total 
Sample _mg/l mg/l mg/l mg/l mg/l mg/l mg/l 
HERO73 <4 <0O.1 <0... 1830 pi ec a 0. 0.002 0...01 
Ca Cd cr Cu F Fe 
Total Total Total Total Total 
Sample mg/l mg/l mg/l mg/l mg/l mg/l 
HERO73 525 <0.005 <0.,.02 <0.01 Ld 9.47 


Meeting The Analytical Challenges Of A Changing World 


15000 W. 6TH AVE., SUITE 300 


BARRINGER LABORATORIES INC. prone aaa) 2771687 


1-Feb-91 
Larry Casebolt 
ENERGY FUELS NUCLEAR Page: 2 
P.O. Box 36 Copy: 1 of 3 
Fredonia, AZ 86022 Set : 1 
Attn: Received: 26-Oct-90 15:23 
Project: PO #: 
Job: 903500E Status: Final 
AMENDED REPORT 
Sample Type: Water 
) 
Pb Mg Mn Hg K Ag 
Total Total Total Total Total Total 
Sample mg/l mg/l mg/l mg/l mg/l mg/l 
HERO73 <0.02 177 0.12 <0.0002 20.2 0.01 


Se Na zn Gross Alpha Error 
Total Total Total Total 
Sample mg/l mq/1l mg/l pci/l 20% 
HERO73 <0.002 78.1 0.111 58 +26 


Meeting The Analytical Challenges Of A Changing World 


BARRINGER LABORATORIES INC. 


Larry Casebolt 


ENERGY FUELS NUCLEAR 
P.O. Box 36 
Fredonia, AZ 


Attn: 
Project: 


Job: 903500E 


Gross Beta Error 


HERO73 


Sample _mg/l 


HERO73 


Total 


U 
Total 


0.0009 


86022 


15000 W. 6TH AVE., SUITE 300 
GOLDEN, COLORADO 80401 
PHONE: (303) 277-1687 


1-Feb-91 


Page: 3 
Copy: 1o0f 3 
Set ;: 1 


Received: 26-Oct-90 15:23 


PO #: 


Status: Final 


AMENDED REPORT 


Sample Type: Water 


Ra-226 Error Ra-228 Error Th-230 Error 


Total Total Total 
Sample pcisl 20* pci/l 20* pci/l 20* pCi/l 20* 


48 +14 3.2 +0.6 1.5 #1.3 


Meeting The Analytical Challenges Of A Changing World 


0.0 +0.5 


‘ 


. 


BARRINGER LABORATORIES INC. 


15000 W. 6TH AVE., SUITE 300, GOLDEN, Ser SoNvieee 277-1687 


IED WE IN 2-May-91 
Larry Casebolt — Hh 
ENERGY FUELS NUCLEAR i Page: 1 
P.O. Box 36 ile Copy: 1of 3 
Fredonia, AZ 86022 \\I ii Set : yt 
nn . 
Attn: Received: 5-Apr-91 09:07 
Project: Hermit Mine Water PO #: 
Job: 91654E Status: Final 
Sample Type: Water 
Alkalinity | HCO3 CcOo3 cl pH Specific 
as CaCc0oO3 as CaCO3 as CaCcO3 Conductance 
Sample mg/l mg/l mg/l mg/l unit umho/cm 
HEROO4 154 154 <1 41 6.84 2440 
TDS NO3 as N P04 S04 $i02 Ag 
Total 
Sample mg/l mg/l mg/l mg/l mg/l mg/l 
HERO94 3250 <O.<1 <0.1 2290 12.6 <0.01 
As Ba Ca cd Cr Cu 
Total Total Total Total Total Total 
Sample mg/l mg/l mg/l mg/l mg/l mg/l 
HERO94 0.002 0.01 513 <0.005 <0.01 <0.01 
F Fe Pb Mg Mn Hg 
Total Total Total Total Total 
Sample mg/l mg/l mg/l mg/l mg/l mg/l 
HEROQ94 De.@ 6.41 <0.02 161 0.09 <0.0002 
K Se Na zn Gross Alpha Error 
Total Total Total Total Total 
Sample mg/l mg/l mg/l mg/l pci/l 20 
HERO94 20.7 <0.002 68.6 <0.005 Was, LS 
Gross Beta Error Ra-226 Error Th-230 Error U 
Total Total Total Total 
Sample pci/l 20 pci/i 20 pci/l 20 mg/l 
HERO94 27. 15 264 +£0.5 0.0 +0.4 0.0027 


ralviicdl Challenges Of A Chanzine World 
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BARRINGER LABORATORIES INC. 


15000 W. 6TH AVE., SUITE 300, GOLDEN, COLORADO 80401 PHONE (303) 277-1687 


22-May-91 
Don Pilmor 
ENERGY FUELS NUCLEAR Page: is 
P.O. Box 36 Copy: lof 3 
Fredonia, AZ 86022 Set : nf 
Attn: Received: 3-May-91 10:06 
Project: Hermit Min PO #: 
Job: 91830E Status: Final 
Sample Type: Water 
Alkalinity HCO3 CO3 cl pH Specific 
as CaCco3 as CacO3 as CaCc0O3 Conductance 
Sample mg/l mg/l mg/l mg/l unit umho/cm 
-HER1OO | 162 162 <1 40 7.56 2580 
TDS TSS NO3 as N P04 S04 $io2 
Sample mg/l mg/l mg/l mg/l mg/l mg/l 
HER100 3360 L7 <0.1 <0.1 2270 12.47 
Ag As Ba Ca cd cr 
Total Total Total Total Total Total 
Sample mg/l mg/l mg/l mg/l mg/l mg/l 
HER100 <0.01 <0.001 0.01 579 0.009 0.01 
Cu F Fe Pb Mg Mn 
Total Total Total Total Total 
Sample mg/l mg/l mg/l mg/l mg/l mg/l 
HER100 <0.01 i L207 <0.02 191 0.09 
Hg K Se Na zn 
Total Total Total Total Total 
Sample mg/l mg/l mg/l mg/l mg/l 
HER100 <0.0002 Ae ENS | <0.001 rior | <0.005 
Gross Alpha Error Gross Beta Error Ra-226 Error 
Total Total Total 
Sample pci/l 20 pei si. 20 pci/l 20 
HER100 10 +19 15 +14 3.5 £0.7 


BARRINGER LABORATORIES INC. 


15000 W. 6TH AVE., SUITE 300, GOLDEN, COLORADO 80401 PHONE (303) 277-1687 


22-May-91 
Don Pilmor 
ENERGY FUELS NUCLEAR Page: 2 
P.O. Box 36 Copy: 1o0f 3 
Fredonia, AZ 86022 Set : 1 
Attn: Received: 3-May-91 10:06 
Project: Hermit Min PO #: 
Job: 91830E Status: Final 


Sample Type: Water 


Th-230 Error U 

Total Total 
Sample pci/l 20 mg/l 
HER100 0.0 +0.5 0.0016 


C C 


“ 


BARRINGER LABORATORIES INC. 


15000 W. 6TH AVE., SUITE 300 GOLDEN, CO 80401 (303) 277-1687 FAX (303) 277-1689 


9-Oct-91 
Don Pilmor 
ENERGY FUELS NUCLEAR Page: 1 
P.O. Box 36 Copy: 1 cof .3 
Fredonia, AZ 86022 Set : Ae 
Attn: Received: 26-Sep-91 10:42 
Project: PO #: 
Job: 911810E Status: Final 

Sample Type: Water 
Ag As Ba Ca Cd Cr 
Total Total Total Total Total Total 


Sample mg/l mg/l mg/l mg/l mg/l mg/l 


HER 112) <0.01 0.006 0.02 658 <0.005 0.02 


Cu F Fe Pb Mg Mn 
Total Total Total Total Total Total 
Sample mg/l mg/l mg/l mg/l mg/l mg/l 
HER 112 0.01 <0)5ak 9.3 <0.02 218 0.12 
Hg K Se Na zn Alkalinity 
Total Total Total Total Total as Caco3 
Sample mg/l mg/l mg/l mg/l mg/l mg/l 
HER 112 <0.0002 25 <0.002 91 <0.005 177 
pH TDS NO3 as N PO4 S04 S$iO2 
Dissolved 
Sample unit mg/l mg/l mg/l mg/l mg/l 
HER 112 7.09 3280 0.2 <0. 1, 1860 14 
HCO3 CcO3 pet | Specific Gross Alpha Error 
as CaCO3 as CaCc0O3 Conductance Total 
Sample mg/l mg/l mg/l umho/cm pci/l 20 
HER 112 uN AW <1 72 3140 27 #21 
Gross Beta Error Ra-226 Error Th-230 Error U 
Total Total Total Total 


Sample pci/i 20 pci/i 2¢ pci/l 20 mg/l 
HER 112 24 £13 2.8. £0:..6 0.0 £0.5 <0.0003 * 


* Verified by reanalysis. 
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Mr. 


P.O. Box 36 
Fredonia, AZ 


86022 


BARRINGER LABORATORIES INC. 


15000 W. 6TH AVE., SUITE 300 GOLDEN, CO 80401 (303) 277-1687 FAX (303) 277-1689 


Lawrence Casebolt 
ENERGY FUELS NUCLEAR 


20-Jan-92 
Page: aL 
Copy: 1o0f 2 
Set :; 1 


Attn: Lawrence Casebolt Received: 6-Jan-92 11:29 
Project: PO #: 
Job: 923028E Status: Final 
Sample Type: Water 
Ag As Ba Ca Cd Cr 
Total Total Total Total Total Total 
Sample mg/l mg/l mg/l mg/l mg/l mg/l 
HER 114° <0.01 <0.001 0.01 571 <0.005 0.03 
Cu F Fe Pb Mg Mn 
Total Total Total Total Total 
Sample mg/l mg/l mg/l mg/l mg/l mg/l 
HER 114 0.02 0.5 6.61 <0.02 184 0.09 
Hg K Se Na zn Alkalinity 
Total Total Total Total Total as Caco3 
Sample mg/l mg/l mg/l mg/l mg/l mg/l 
HER 114 <0.0002 2062 <0.002 ASes 0.005 173 
HCO3 CO3 cl pH Conductance TDS 
as CaCcCO3 as CaC03 
Sample mg/l mg/l mg/l unit umho/cm mg/l 
HER 114 Lei <1 38 6.95 4140 3760 
NO3 as N PO4 SO4 Sio2 Gross Alpha Error 
Total Total 
Sample mg/l mg/l mg/l mg/l pci/l 20 
HER 114 0.9 *<1 2290 13.4 12 +18 
Gross Beta Error Ra-226 Error Th-230 Error U 
Total Total Total Total 
Sample pci/l 20 pci/l 20 pci/l 20 mg/l 
HER 114 37 £13 1.9)-+0.5 0.0 +0.5 0.0019 


BARRINGER LABORATORIES INC. 


15000 W. 6TH AVE., SUITE 300 GOLDEN, CO 80401 (303) 277-1687 FAX (303) 277-1689 


13-May-92 

Mr. Lawrence Casebolt 

ENERGY FUELS NUCLEAR Page: Z 

P.O. Box 36 Copy: 1of 2 

Fredonia, AZ 86022 Set : a, 

Attn: 3-Apr-92 09:18 

Project: PO # 

Job: 923806E tatus: Final 
Parameter Water 

Silver Total mg/l <0.01 

Arsenic Total mg/l 0.002 

Barium Total mg/l 0.04 

Calcium Total ng/1 566 

Cadmium Total mg/l <0.005 

Chromium Total mg/l 0.03 

Copper Total mg/1 0.03 

Fluoride mg/l 0.9 

Iron Total mg/l 6.1 

Lead Total mg/l <0.02 

Magnesium Total mg/l 191 

Manganese Total mg/l 0.10 

Mercury Total mg/l <0.0002 

Potassium Total mg/l 21.3 

Selenium Total mg/l <0.002 

Sodium Total mg/l 753-58 

Zinc Total mg/l 0.052 

Alkalinity as Caco3 mg/l 168 

HCO3 as Caco3 mg/l 169 

CO3 as Caco3 mg/l <1 

Chloride mg/l 40 

pH unit 7.89 

Specific Conductance pumho/cm 3060 

TDS mg/l 3410 

NO3 as N mg/1 <0.1 

Phosphate mg/l <0O.1 

Sulfate mg/l 2200 

Silica Total mg/l 1750 


BARRINGER LABORATORIES INC. 


15000 W. 6TH AVE., SUITE 300 GOLDEN, CO 80401 (303) 277-1687 FAX (303) 277-1689 


13-May-92 
Mr. Lawrence Casebolt 
ENERGY FUELS NUCLEAR Page: 2 
P.O. Box 36 Copy: lof 2 
Fredonia, AZ 86022 Set : 2 
Attn: Received: 3-Apr-92 09:18 
Project: PO #: 
Job: 923806E tatus: Final 


Sample Type: Water 


Gross Alpha Error Gross Beta Error Ra-226 Error Th-230 Error 


Total Total Total Total 
Sample pci/l 20 pci/l 20 pci/l 20 pci/l 20 
HER 120 9 +20 44 +15 8.9 +1.7 0.0 +0.5 
U U 
Total Total 
Sample mg/l pci/l(1) 
HER 120 0.0008 0.5 


BARRINGER LABORATORIES INC. 


15000 W. 6TH AVE., SUITE 300 GOLDEN, CO 80401 (303) 277-1687 FAX (303) 277-1689 


5-Aug-92 
Mr. Lawrence Casebolt 
ENERGY FUELS NUCLEAR Page: 1 


P.O. Box 36 copy: iest 2 
Fredonia, AZ 86022 Set ; 1 


Attn: Received: 6-Jul-92 09:30 
Project: Hermit Mine H20 Well PO #: 


Job: 924506E Status: Final 
Sample Type: Water 


Silver Arsenic Barium Calcium Cadmium Chromium Copper 
Total Total Total Total Total Total Total 
Sample mg/l mg/l mg/l mg/l mg/l mg/l mg/l 


-HER122° <0.01 0.003 <0.01 587 <0.005 <0.01 <0.01 


Fluoride Iron Lead Magnesium Manganese Mercury 
Total Total Total Total Total Total 
Sample mg/l mg/l mg/l mg/l mg/l mg/l 


i HER122 1.6 5.64 <0.02 199 0.07 <0.0002 


Potassium Selenium Sodium Zinc Alkalinity CcO3 
Total Total Total Total as CacO3 as CaCc0O3 


Sample mg/l mg/l mg/l mg/l mg/l mg/l 
HER122 21.4 <0.002 78.6 OO. L176 159 <1 


HCO3 Chloride pH Conductance TDS NO3 as N 
as CaCcO3 


Sample mg/l mg/l unit umho/cm mg/l mg/l 

HER122 159 35 T<37 1500 3410 0.2 
Phosphate Sulfate SIO 

Sample mg/l mg/l mg/l 

HER122 <0O.1 2100 5.40 


. BARRINGER LABORATORIES INC. 


15000 W. 6TH AVE., SUITE 300 GOLDEN, CO 80401 (303) 277-1687 FAX (303) 277-1689 


5-Aug-92 
Mr. Lawrence Casebolt 

ENERGY FUELS NUCLEAR Page: 2 
P.O. Box 36 Copy: 1of 2 
Fredonia, AZ 86022 Set : 2 
Attn: Received: 6-Jul-92 09:30 
Project: Hermit Mine H20 Well PO #: 

Job: 924506E Status: Final 


Sample Type: Water 


Gross Alpha Error Gross Beta Error Ra-226 Error Th-230 Error 


Total Total Total Total 
Sample pci/l 20 pci/l 20 pci/l 20 pci/l 20 
HER122 24 +16 32 +14 341 20.9 0.0 +0.5 
U U 
Total Total 
Sample mg/l pci/li(1) 
HER122 0.0004 0.3 


BARRINGER LABORATORIES, INC. 


15000 W. 6TH AVE., SUITE 300 GOLDEN, CO 80401 (303) 277-1687 FAX (303) 277-1689 


21-Oct-92 
Mr. Lawrence Casebolt 
ENERGY FUELS NUCLEAR Page: a 
P.O. Box 36 copys. 2 Of... 2 
Fredonia, AZ 86022 
Attn: Lawrence Casebolt Received: 30-Sep-92 09:30 
Project: Hermit Mine Well PO #: 
Job: 925116 Status: Final 
Parameter 
Silver Total mg/l <0.01 
Arsenic Total mg/l <0.001 
Barium Total mg/l 0.01 
Calcium Total mg/l 524 
Cadmium Total mg/l <0.005 
Chromium Total mg/l <0.01 
Copper Total mg/l <0.01 
Fluoride mg/l eas 
Iron Total mg/l 5.40 
Lead Total mg/l <0.02 
Magnesium Total mg/l 204 
Manganese Total mg/l 0.06 
Mercury Total mg/l 0.0002 
Potassium Total mg/l > Te | 
Selenium Total mg/l <0.002 
Sodium Total mg/l ce Pel 
Zinc Total mg/l 0.038 
Alkalinity as Cac03 mg/l 160 
CO3 as CaCcO3 mg/l <1.0 
HCO3 as Caco3 mg/l 160 
Chloride mg/l 41 
pH unit 6.98 
Conductance umho/cm 3700 
TDS mg/l 3330 
NO3 as N mg/l <0. 
Phosphate mg/l <0.1 
Sulfate mg/l 2280 


Silica Total mg/l 6.5 


BARRINGER LABORATORIES, INC. 


15000 W. 6TH AVE., SUITE 300 GOLDEN, CO 80401 (303) 277-1687 FAX (303) 277-1689 


21-Oct-92 
Mr. Lawrence Casebolt 
ENERGY FUELS NUCLEAR Page: 2 
P.O. Box 36 Copy: 1of 2 
Fredonia, AZ 86022 
Attn: Lawrence Casebolt Received: 30-Sep-92 09:30 
Project: Hermit Mine Well PO #: 
Job: 925116E Status: Final 
Sample Type: Water 
Gross Alpha Error Gross Beta Error Ra-226 Error 
Total Total Total 

Sample pci/l 20 pci/l 20 pci/l 20 
HER126 24 +22 34 +12 10 +2 

Th-230 Error U 

Total Total 
Sample _pCi/1l 20 mg/l : 
mi of a L. J 4p 

HER126 0.0 +1.0 0.0068 —~ See 44/27 atadec! fev 


pe« analy si wil a] 


Veenng The Analvical Challenges Of A Changing World 


BARRINGER LABORATORIES, INC. 


15000 W. 6TH AVE., SUITE 300 GOLDEN, CO 80401 (303) 277-1687 FAX (303) 277-1689 


10-Nov-92 
Mr. Lawrence Casebolt 
ENERGY FUELS NUCLEAR Page: R-1 
P.O. Box 36 Copy: 1o0f 2 
Fredonia, AZ 86022 
Attn: Lawrence Casebolt Received: 6-Nov-92 09:30 


Project: Hermit Mine Well PO #: 


Job: 925466E Status: Final 


Sample Type: Water 


U 
Total 
Sample mg/l 
HER127  =—s 0.0005 


This is a magnitude lower than the precision of the method used 


ASTM D2907-97 


Standard Test Methods for Microquantities of Uranium in Water by Fluorometry (Withdrawn 2003) 
Scope 


1.1 These test methods are applicable to the determination of microquantities of uranium in water 
in the concentration range from 0.005 to 50 mg/L. 


rmne The Analvical Challenges Of A Chaneine World 
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RRINGER LABORATORIES INC. 


| 15000 W. 6TH AVE., SUITE 300 GOLDEN, CO 80401 (303) 277-1687 FAX (303) 277-1689 


Mr. Lawrence Casebolt 
ENERGY FUELS NUCLEAR 
P.O. Box 36 


Fredonia, 


Attn: Lawrence Casebolt 


AZ 86022 


Project: Hermit Mine Well PO #: 


J ° 


Silver Arsenic Barium 


74 


Sample Type: Water 


18-Jan-93 
Page: R-1 
Copy: iof 2 


Received: 15-Dec- 


92 09:30 


Calcium Cadmium Chromium Copper 


Total Total Total Total Total Total Total 
Sample _mg/l__._ _mg/l_ _mg/l__ _mg/l__ _mg/l__ _mg/l__ __mag/l__ 
HER129° «= <0.01_~—s (0.003 0.01 618  <0.005 <0.01 <0.01 
Fluoride Iron Lead Magnesium Manganese Mercury 
Total Total Total Total Total 
Sample mg/l mg/l mg/l mg/l mg/l mg/l 
HER129 1.5 4.83 0.03 208 0.05 <0.0002 
Potassium Selenium Sodium Zinc Alkalinity co3 
Total Total Total Total as CacO3 as CaCOo3 


Sample mg/l Mi. ed ee. ee ne. 


HER129 23.9 0.032 84.4 <0.005 158 <1 
HCO3 Chloride PH Conductance TDS NO3 as N 
as CaCoO3 
Sample mg/l mg/l unit umho/cm mg/l mg/l 
HER129 158 37 6.87 3520 3410 <0O.1 


Phosphate Sulfate Silica 
Dissolved Total 


Sample mg/l mg/l mg/l 


HER129 


<0.1 2130 6.17 


’ BARRINGER LABORATORIES INC. 


15000 W. 6TH AVE., SUITE 300 GOLDEN, CO 80401 (303) 277-1687 FAX (303) 277-1689 


18-Jan-93 
Mr. Lawrence Casebolt 
ENERGY FUELS NUCLEAR Page: R-2 
P.O. Box 36 Copy: 1of 2 
Fredonia, AZ 86022 
Attn: Lawrence Casebolt Received: 15-Dec-92 09:30 
Project: Hermit Mine Well PO #: 
Job: 925747E Status: Fina 
Sample Type: Water 
Gross Alpha Error Gross Beta Error Ra-226 Error 
Total Total Total 

Sample pci/l 20 pci/l 20 pci/l 20 
HER129 46 +29 48 +13 5.8 +1.3 

Th-230 Error U 

Total Total 
Sample _pCi/l 20 mg/l 
HER129 1.6 +0.8 0.0005 This is a magnitude lower than the precision of the method used 


BARRINGER LABORATORIES INC. 


15000 W. 6TH AVE., SUITE 300 GOLDEN, CO 80401 (303) 277-1687 FAX (303) 277-1689 


9-Apr-93 
Mr. Lawrence Casebolt 
ENERGY FUELS NUCLEAR Page: R-5 
P.O. Box 36 Copy: lof 2 
Fredonia, AZ 86022 
Attn: Received: 11-Mar-93 10:15 
Project: PO #: 
Job: 936525 Status: inal 


Sample Type: Water 


Silver Arsenic Barium Calcium Cadmium Chromium Copper 
Total Total Total Total Total Total Total 


Sample _mg/l mg/l mg/l mg/l mg/l mg/l mg/l 
“HERI34 = <<0.01 = 0.005 0.01 600 <0.005 <0.01 <0.01 
Fluoride Iron Lead Magnesium Manganese Mercury 
Total Total Total Total Total Total 
Sanpete. wo/i mags). ees. LU . 
HER134 Zoek 4.62 <0.02 200 0.05 <0.0002 
Potassium Selenium Sodium Zinc Alkalinity | HCO3 
Total Total Total Total as CacO3 as CaCc03 
co oN a (ls a 
HER134 22.8 <0.002 79.7 <0.005 152 152 
CcOo3 Chloride pH Specific TDS NO3 
as CaCcOoO3 Conductance 
Sample mg/l mg/l unit umho/cm mg/l mg/l 
HER134 <1 38 6.90 3040 2790 <0.1 
Phosphate Sulfate Silicon 
Dissolved Dissolved 
Sample mg/l mg/l mg/l 


HER134 <0.02 1960 6.23 


BARRINGER LABORATORIES INC. 


15000 W. 6TH AVE., SUITE 300 GOLDEN, CO 80401 (303) 277-1687 FAX (303) 277-1689 


12-Apr-93 
Mr. Lawrence Casebolt 
ENERGY FUELS NUCLEAR Page: R-6 
P.O. Box 36 Copy: 1o0f 2 
Fredonia, AZ 86022 
Attn: Received: 11-Mar-93 10:15 
Project: PO #: 
Job: 936525E Status: Final 
Sample Type: Water 
Gross Alpha Gross Beta Ra-226 
Total Total Total 
Sample Bei + 20 pei/si + 20 pci/l + 20 
HER134 23 +22 27 +14 9.0 +1.5 
Th-230 U 
Total Total 
Sample _pCi/l + 20 ng/l 
HER134 0.4 +0.6 0.0006 This is a magnitude lower than the precision of the method used 


neers OF 4 Chaneine World 


- 


( 


a= ARRINGER LABORATORIES INC. 


15000 W. 6TH AVE., SUITE 300 GOLDEN, CO 80401 (303) 277-1687 FAX (303) 277-1689 


16-Jul-93 
Mr. Lawrence Casebolt 
ENERGY FUELS NUCLEAR Page: R-1 


P.O. Box 36 Copy: 1 of 2 
Fredonia, AZ 86022 


Attn: Received: 21-Jun-93 09:45 
Project: PO #: 


Job: 937485E Status: Final 
Sample Type: Water 


Silver Arsenic Barium Calcium Cadmium 
Total Total Total Total Total 
Sample Id mg/1 mg/l mg/l mg/l mg/l 


CHER 137 | <0.01 <0.001 0.01 652. <0.005 


Chromium Copper Fluoride Iron Lead 
Total Total Total Total Total 
Sample Id mg/l mg/l mg/l mq/1 mg/l 
HER 137 <0.01 <0. 02: 2.9 4.77 <0.02 
Magnesium Manganese Mercury Potassium Selenium 
Total Total Total Total Total 
Sample Id mg/l mg/l mg/l mg/l mg/l 
HER 137 208 0.06 <0.0002 234 <0.002 
Sodium Zinc Alkalinity HCO3 CO3 
Total Total as CaCcO3 as CaCc0O3 as CaC03 
Sample Id mg/l mg/l mq/1 mg/l mg/l 
HER 137 83.0 <0.005 162 162 <1 
Chloride pH Specific TDS TSS 
Conductance 
Sample Id mg/l unit umho/cm mg/l mg/l 
HER 137, 37 6.93 2030 3450 8 
NO3 as N Phosphate Sulfate Silica 
Total 
Sample Id mg/l mg/l mg/l mg/l 
HER 137 <0.2r 20.1 2280 6. s 


BARRINGER LABORATORIES INC. 


15000 W. 6TH AVE., SUITE 300 GOLDEN, CO 80401 (303) 277-1687 FAX (303) 277-1689 


ASTM D2907-97 


Standard Test Methods for Microquantities of Uranium in Water by Fluorometry (Withdrawn 2003) 
Scope 


1.1 These test methods are applicable to the determination of microquantities of uranium in water 
in the concentration range from 0.005 to 50 mg/L. 


16-Jul-93 
Mr. Lawrence Casebolt 
ENERGY FUELS NUCLEAR Page: R-2 
P.O. Box 36 Copy: 1of 2 
Fredonia, AZ 86022 
Attn: Received: 21-Jun-93 09:45 
Project: PO #: 
Job: 937485E Status: Final 
Sample Type: Water 
Gross Alpha Gross Beta 
Total Total 
Sample Id Ci/l + 20 Ci / 1. 20 
HER 137 34 +25 58 +26 
Ra-226 Ra-228 
Total Total 
Sample Id Cis) + 20 Ci/l 20 
HER 137 9.3 #241 0.9 41.9 
Th-230 U 
Total Total 
Sample Id Cr /1 + 20 mg/l 
HER 137 0.2 +0.8 0.0022 


BARRINGER LABORATORIES INC. 


15000 W. 6TH AVE., SUITE 300 GOLDEN, CO 80401 (303) 277-1687 FAX (303) 277-1689 


27-Jan-94 
Page: R-1 
Copy: 1of 2 


Status: Final 
ENERGY FUELS NUCLEAR 
Sample Id: ee al 
Lab Id: 939356- Project: HER148 
Date Sampled: 16-Dec-93 Matrix: Water 
Date 

Analyte Fraction Method Concentration MDL Analyzed 
Silver Dissolved 200.7 U mg/l’ 0.01 17-Jan-94 
Arsenic Dissolved 206.2 U mg/l: 0.001 5-Jan-94 
Barium Dissolved 200.7 0.01 mg/l 0.01 17-Jan-94 
Calcium Dissolved 200.7 628 mg/1+ 0.05 17-Jan-94 
Cadmium Dissolved 200.7 U mg/l. 0.005 17-Jan-94 
Chromium Dissolved 200.7 U mg/1- 0.01 17-Jan-94 
Copper Dissolved 200.7 U mg/1- 0.01 17-Jan-94 
Fluoride 300.0 3.0 mg/1< 0.1 17-Jan-94 
Iron Dissolved 200.7 4.27 mg/1/’ 0.02 17-Jan-94 
Lead Dissolved 200.7 U mg/l 0.02 17-Jan-94 
Magnesium Dissolved 200.7 212 mg/1* 0.05 17-Jan-94 
Manganese Dissolved 200.7 0.05 mg/l’ 0.01 17-Jan-94 
Mercury Dissolved 245.1 U mg/l 0.0002 11-Jan-94 
Potassium Dissolved 200.7 24.0 mg/l: 0.5 17-Jan-94 
Selenium Dissolved 270.2 U mg/l 0.002 5-Jan-94 
Sodium Dissolved 200.7 86.2 mg/1~ 0.05 17-Jan-94 
Zinc Dissolved 200.7 U mg/l 0.005 17-Jan-94 
Alkalinity 510.2 160 mg/1- 1 4-Jan-94 
HCO3 310.1 160 mg/1- 1 4-Jan-94 
CO3 a0 .2 U mg/l 1 4-Jan-94 
Chloride 300.0 38 mg/1- 1 17-Jan-94 
pH 150.2 7.02 Une 0.01 22-Dec-93 
Spec. Cond. 198..7. 3330 pmh/cm 1 7-Jan-94 
TDS 160.1 3320 mg/1 4 27-Dec-93 
NO3 as N 253).2 U mg/l © 0.1 14-Jan-93 
Phosphate as P 365.1 U mg/l 0.1 10-Jan-94 
Sulfate 300.0 2200 mg/l 1 17-Jan-94 
Silicon Dissolved 200.7 6.50 mg/l 0.01 17-Jan-94 


BARRINGER LABORATORIES INC. 


15000 W. 6TH AVE., SUITE 300 GOLDEN, CO 80401 (303) 277-1687 FAX (303) 277-1689 


ENERGY FUELS NUCLEAR 


27-Jan-94 


Page: R=2 
Gopy: 1.o0f 2 
Status: Final 


Sample Id: 
Lab Id: 939356-1 Project: HER148 
Date Sampled: 16-Dec-93 Matrix: Water 

Date 
Analyte Fraction Conc.+ 20 LLD Analyzed 
Gross Alpha Dissolved 51+20 ° pci/i 2 01/05-01/06 
Gross Beta Dissolved 464+14 pei si 4 01/05-01/06 
Ra-226 Dissolved 10+2 pci/l 0.3 01/10-01/24 
Ra-228 Dissolved 0.441.4 pci si 1 01/04-01/07 
Th-230 Dissolved 0.4+0.7 act /1 0.4 01/19-01/27 
U Dissolved 0.0003 mg/1 003 12/29-01/04 


\ 


? 
s 


BARRINGER LABORATORIES INC a 
15000 W. 6TH AVE., SUITE 300 GOLDEN, CO 80401 (303) 277-1687 FAX (303) 277-1689 Copy : 1 Of il 


Status: Final 
ENERGY FUELS NUCLEAR 


Sample Td: 
Lab Id: 941486- Project: Hermit Mine 
Date Sampled: 3-Mar-94 Matrix: Water 

Date 
Analyte Fraction Method Concentration MDL Analyzed 
Silver Total 200.7 U mg/l 0.01 29-Mar-94 
Arsenic Total 206.2 0.002 mg/l 0.001 14-Mar-94 
Barium Total 200.7 0.01 mg/l 0.01 29-Mar-94 
Calcium Total 200.7 623 mg/l 0.05 29-Mar-94 
Cadmium Total 200.7 0.007 mg/l 0.005 29-Mar-94 
Chromium Total 200.7 U mg/l 0.01 29-Mar-94 
Copper Total 200.7 U mg/l 0.01 29-Mar-94 
Fluoride Total 300.0 2.8 mg/l 0.1 5-Apr-94 
Lron Total 200.7 4.24 mg/l 0.02 29-Mar-94 
Lead Total 260.7 U mg/l 0.02 29-Mar-94 
Magnesium Total 200.7 201 mg/l 0.05 29-Mar-94 
Manganese Total 200.7 0.05 mg/l 0.01 29-Mar-94 
Mercury Total 245.1 U mg/l 0.0002 24-Mar-94 
Potassium Total 200.7 21.1 mg/l 0.5 29-Mar-94 
Selenium Total 270.2 U mg/l 0.002 14-Mar-94 
Sodium Total 200.7 78.7 mg/l 0.05 29-Mar-94 
Zinc Total 200.7 U mg/l 0.005 29-Mar-94 
Alkalinity aL0. 1, 163 mg/l 1 25-Mar-94 
HCO3 3.0), 2 163 mg/l 1 25-Mar-94 
CO3 310.62 U mg/l 1 25-Mar-94 
Chloride 300.0 37 mg/l 1 5-Apr-94 
pH L500 5d 7500 URnTe 0.01 11-Mar-94 
Spec. Cond. L202 3434 pumh/cm 1 16-Mar-94 
TDS 1.60.2 3250 mg/l 4 15-Mar-94 
NO3 as N 353.2 U mg/l 0.1 31-Mar-94 
Phosphate as P 365.1 U mg/l 0.1 8-Apr-94 
Sulfate 300.0 2290 mg/l 1 5-Apr-94 
Silicon Total 200.7 6.30 mg/l 0.01 29-Mar-94 


’ BARRINGER LABORATORIES INC. page? *®*-°4_, 
re 15000 W. 6TH AVE., SUITE 300 GOLDEN, CO 80401 (303) 277-1687 FAX (303) 277-1689 Copy : 1. Of ab 


Status: Final 
ENERGY FUELS NUCLEAR 


Sample Id: 
Lab Id: 941486-1 Project: Hermit Mine 
Date Sampled: 3-Mar-94 Matrix: Water 

Date 
Analyte Fraction Conc.+ 20 LLD Analyzed 
Gross Alpha Total 15413 pci/l 2 03/29-03/30 
Gross Beta Total 21+14 pei /1 4 03/29-03/30 
Ra-226 Total 8.94+1.3 peas 1 0.3 03/17-03/23 
Ra-228 Total 0.8+1.0 pci/l 1 03/16-03/28 
Th-230 Total 0.5+0.7 pci/l 0.4 03/16-03/17 
U Total U mg/1 0.0003 03/23-03/28 


BARRINGER LABORATORIES INC. 11-Jan-95 
15000 W. 6TH AVE., SUITE 300 GOLDEN, CO 80401 (303) 277-1687 FAX (303) 277-1689 ig “nee 


Status: Final 
ENERGY FUELS NUCLEAR 


Sample Id: 
Lab Id: 943646-1 Project: 
Date Sampled: 9-Dec-94 Matrix: Water 

Date 
Analyte Fraction Method Concentration MDL Analyzed 
Silver Total 200.7 U mg/l 0.01 29-Dec-94 
Arsenic Total 206.2 0.003 mg/l 0.003 29-Dec-94 
Barium Total 200.7 U mg/l 0.02 29-Dec-94 
Calcium Total PAO OT | 660 mg/l 0.2 29-Dec-94 
Cadmium Total 200.37 U mg/1 0.005 29-Dec-94 
Chromium Total 200.7 U mg/l 0.01 29-Dec-94 
Copper Total 200.7 U mg/l 0.01 29-Dec-94 
Iron Total 200.7 4.3 mg/l 0.1 29-Dec-94 
Lead Total 239.2 0.005 mg/l 0.002 29-Dec-94 
Magnesium Total 200.7 205 mg/l 0.1 29-Dec-94 
Manganese Total 200)...7 0.055 mg/l 0.005 29-Dec-94 
Mercury Total 245.1 U mg/l 0.0002 21-Dec-94 
Potassium Total 200.7 23 mg/l 5 29-Dec-94 
Selenium Total 270.2 U mg/l 0.005 29-Dec-94 
Sodium Total 200.7 83 mg/l 1 29-Dec-94 
Zinc Total 200. 7 U mg/l 0.02 29-Dec-94 
Silica Total 200.7 13 mg/l 2 29-Dec-94 
Fluoride 300.0 3.2 mg/l 0.1 5-Jan-95 
Alkalinity Total 310.3 159 mg/l 1 28-Dec-94 
Alkalinity HCO3 310.1M 159 mg/l 1 28-Dec-94 
Alkalinity Cco3 310.1M U mg/l 1 28-Dec-94 
Chloride 300.0 39 mg/l 1 5-Jan-95 
pH aS y 0 ae & 7.06. Unit 0.01 20-Dec-94 
Spec. Cond. 128 ..1 3270 pwmh/cm 1 20-Dec-94 
TDS 160.1 3240 mg/l 10 16-Dec-94 
Nitrate as N 300.0 U mg/l 0.1 5-Jan-95 
ortho-Phosphate 365.1 U mg/l 0.02 22-Dec-94 
Sulfate 300.0 2240 mg/l 1 5-Jan-95 


BARRINGER LABORATORIES INC. 11-Jan-95 


Page: R-2 
15000 W. 6TH AVE., SUITE 300 GOLDEN, CO 80401 (303) 277-1687 FAX (303) 277-1689 Tals: 943646E 


Status: Final 


ENERGY FUELS NUCLEAR 


Sample Ta: Sy 
Lab Id: 943646- Project: 


Date Sampled: 9-Dec-94 Matrix: Water 
Date 

Analyte Fraction Conc.+ 20 LLD Analyzed 
Gross Alpha Total 114+17 pci/l 2 12/19-12/20 
Gross Beta Total 12+12 pci/l 4 12/19-12/20 
Ra-226 Total 7.4+0.8 pci/1 0.2 12/20-12/22 
Ra-228 Total 0.9+0.7 pci si 1 12/23-12/29 
Th-230 Total 0.4+0.3 pci/1l 0.2 12/20-12/22 
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Status: Final 


ENERGY FUELS NUCLEAR 


Sample Id: ee ter 
Lab Id: 943 -1 Project: 


Date Sampled: 9-Dec-94 Matrix: Water 

Date 
Analyte Fraction Conc.+ 206 LLD Analyzed 
Uranium Total 0.0019 mg/1 0.0003 12/19-12/20 


ASTM D2907-97 
Standard Test Methods for Microquantities of Uranium in Water by Fluorometry (Withdrawn 2003) 
Scope 


1.1 These test methods are applicable to the determination of microquantities of uranium in water 
in the concentration range from 0.005 to 50 mg/L. 


Analviical Challenges Of A Chaneine World 


. 
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Status: Final 
ENERGY FUELS NUCLEAR 


Sample Id: e236" 
Lab Id: 952511- Project: 


Date Sampled: 21-Jun-95 Matrix: Water 
Date 

Analyte Fraction Method Concentration MDL Analyzed 
Silver Total 200.7 U mg/l 0.01 11-Jul-95 
Arsenic Total 206.2 U mg/l 0.003 12-Jul-95 
Barium Total 200.7 U mg/l 0.02 11-Jul-95 
Calcium Total 200.7 592 mg/l 0.2 11-Jul-95 
Cadmium Total 200.7 U mg/1 0.005 11-Jul-95 
Chromium Total 200.7 U mg/l 0.01 11-Jul-95 
Copper Total 200.7 U mg/l 0.01 11-Jul-95 
Iron Total 200.7 4.1 mg/l 0.1 11-Jul-95 
Lead Total 239.2 0.005 mg/l 0.002 11-Jul-95 
Magnesium Total 200.7 197 mg/l 0.1 11-Jul-95 
Manganese Total 200.7 0.046 mg/l 0.005 11-Jul-95 
Mercury Total 245.1 U mg/l 0.0002 10-Jul-95 
Potassium Total 200.7 22 mg/l 5 11-Jul-95 
“Selenium Total 270.2 U mg/1 0.005 11-Jul-95 
Sodium Total 200.7 79 mg/l 1 11-Jul-95 
Zinc Total 200):'7 U mg/l 0.02 11-Jul-95 
Fluoride 300.0 1.1 mg/l 0.2 28-Jun-95 
Alkalinity COo3 310.1M U mg/l 1 6-Jul-95 
Alkalinity HCO3 310.1M 172 mg/l 1 6-Jul-95 
Chloride 300.0 35 mg/l 2 28-Jun-95 
pH 250.1 7.25 unit 0.01 28-Jun-95 
Spec. Cond. 120...1 3420 pwmh/cm 1 6-Jul-95 
TDS 160.1 3200 mg/l 10 29-Jun-95 
Nitrate as N 300.0 U mg/l 0.2 28-Jun-95 
Phosphorus Total 365.1 U mg/l 0.05 5-dJul-95 
Sulfate 300.0 2180 mg/l 50 28-Jun-95 
Silica Total 200.7 13 mg/l 2 11-Jul-95 
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Status: Final 
ENERGY FUELS NUCLEAR 


Sample Id: meas 
Lab Id: 952511- Project: 


Date Sampled: 21-Jun-95 Matrix: Water 
Date 

Analyte Fraction Conc.+ 20 LLD Analyzed 
Gross Alpha Total 53425 ton Bi 2 07/18-07/24 
Gross Beta Total 60+20 pci/l 4 07/18-07/24 
Ra-226 Total 10+1 pci/l 0.3 07/07-07/10 
Ra-228 Total 0.44+0.9 pci/l 1 07/12-07/18 
Th-230 Total 0.6+0.6 pci/l 0.4 07/24-07/26 


BARRINGER LABORATORIES INC. 
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Status: Final 
ENERGY FUELS NUCLEAR 


Sample Id: res ll 
Lab Id: 952511- Project: 


Date Sampled: 21-Jun-95 Matrix: Water 

Date 
Analyte Fraction Conc. LLD Analyzed 
Uranium Total 0.0007 mg/1 0.0003 07/10-07/12 


ASTM D2907-97 
Standard Test Methods for Microquantities of Uranium in Water by Fluorometry (Withdrawn 2003) 
Scope 


1.1 These test methods are applicable to the determination of microquantities of uranium in water in the 
concentration range from 0.005 to 50 mg/L. 


https:/Avww.astm.org/d2907-97.html 
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Status: Final 
ENERGY FUELS NUCLEAR 


Sample Id: HER183_ 


Lab Id: 953896-1 Project: 
Date Sampled: 14-Nov-95 Matrix: Water 
Date 

Analyte Fraction Method Concentration MDL Analyzed 
Silver Total 200.7 U mg/l 0.01 22-Nov-95 
Arsenic Total 206.2 *U mg/l 0.003 7-Dec-95 
Barium Total 200.7 U mg/l 0.02 22-Nov-95 
Calcium Total 200.7 652 mg/l 0.2 22-Nov-95 
Cadmium Total 200.7 U mg/l 0.005 22-Nov-95 
Chromium Total 200.7 U mg/l 0.01 22-Nov-95 
Copper Total 200.7 U mg/l 0.01 22-Nov-95 
Iron Total 200.7 4.5 mg/l 0.1 22-Nov-95 
Lead Total 239.2 U mg/l 0.002 8-Dec-95 
Magnesium Total 200.7 217 mg/l 0.1 22-Nov-95 
Manganese Total 20027 0.055 mg/l 0.005 22-Nov-95 
Mercury Total 245.1 U mg/l 0.0002 5-Dec-95 
Potassium Total 200.7 22 mg/l 5S 28-Nov-95 
Selenium Total 270.2 U mg/1 0.005 7-Dec-95 
Sodium Total 200.7 87 mg/1 1 22-Nov-95 
Zinc Total 200.7 U mg/l 0.02 22-Nov-95 
Fluoride 340.2 1.7 maf 0.1 30-Nov-95 
Alkalinity CO3 310.1M U mg/l 5 21-Nov-95 
Alkalinity HCO3 310.1M 164 mg/l 5 21-Nov-95 
Chloride 300.0 36 mg/l 1 6-Dec-95 
pH 150 «at 7.07 unit 0.01 21-Nov-95 
Spec. Cond. 120 ok 3410 pmh/cm 1 21-Nov-95 
TDS 160.1 3220 mg/l 10 21-Nov-95 
Nitrate as N 300.0 U mg/l 0.1 6-Dec-95 
ortho-Phosphate ScS.2. U mg/l 0.05 27-Nov-95 
Sulfate 300.0 2280 mg/l 25 6-Dec-95 
Silica Total 200.7 14 mg/l 2 22-Nov-95 
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Status: Final 


ENERGY FUELS NUCLEAR 


Analyte: Gross Alpha Project: 
Fraction: Dissolved Date Analyzed: 11/27-12/01 
Method: 900.0 LLD: 2 
Units: pCi/l 
Date 
Lab Id Sampled Matrix Sample Id Concentration+ 20 LLD 
953896-1 14-Nov-95 Water HER183 15417 2 
Analyte: Gross Beta Project: 
Fraction: Dissolved Date Analyzed: 11/27-12/01 
Method: 900.0 LLD: 4 
Units: pCi/l 
Date 
Lab Id Sampled Matrix Sample Id Concentration+ 20 LLD 
953896-1 14-Nov-95 Water HER183 44417 4 
Analyte: Ra-226 Project: 
Fraction: Dissolved Date Analyzed: 11/28-12/04 
Method: SM-705 LLD: 0.2 
Units: pCi/l 
Date 
Lab Id Sampled Matrix Sample Id Concentration+ 20 LLD 
953896-1 14-Nov-95 Water HER183 7.34+0.8 01.2 
Analyte: Ra-228 Project: 
Fraction: Dissolved Date Analyzed: 11/22-11/29 
Method: Perc/Brooks LLD: 1 
Units: pCi/1l 
Date 
Lab Id Sampled Matrix Sample Id Concentration+ 20 LLD 
953896-1 14-Nov-95 Water HER183 1.14+0.9 1 
Analyte: Th-230 Project: 
Fraction: Dissolved Date Analyzed: 12/04-12/07 
Method: USAEC LLD: 0.2 
Units: pCi/1l 
Date 
Lab Id Sampled Matrix Sample Id Concentration+ 20 LLD 
953896-1 14-Nov-95 Water HER183 0.0+0.1 Og 


BARRINGER LABORATORIES INC. 8-Dec-95 


Page: R-3 
15000 W. 6TH AVE., SUITE 300 GOLDEN, CO 80401 (303) 277-1687 FAX (303) 277-1689 a mi : 953896F 


Status: Final 
ENERGY FUELS NUCLEAR 


Analyte: Uranium Project: 
Fraction: Dissolved Date Analyzed: 11/27-11/28 
Method: ASTM D2907 LLD: 0.0003 
Units: mg/l 
Date 
Lab Id Sampled Matrix Sample Id Concentration LLD 
953896-1 14-Nov-95 Water HER183 U 0.0003 


https://www.astm.org/d2907-97.html 


This is a magnitude lower than the 
precision of the method used 
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Status: Final 
ENERGY FUELS NUCLEAR 


Sample Id: 
Lab Id: 962009-1 Project: 
Date Sampled: 15-May-96 Matrix: Water 

Date 
Analyte Fraction Method Concentration MDL Analyzed 
Silver Total 200..'7 U mg/l 0.01 3-Jun-96 
Arsenic Total 206.2 U mg/l 0.003 3-Jun-96 
Barium Total 206.7 U mg/l 0.02 3-Jun-96 
Calcium Total 200.7 617 mg/l 0.2 3-Jun-96 
Cadmium Total 200.7 U mg/l 0.005 3-Jun-96 
Chromium Total 200.7 U mg/l 0.01 3-Jun-96 
Copper Total 200.7 U mg/l 0.01 3-Jun-96 
Iron Total 200.7 4.7 mg/l 0.1 3-dJun-96 
Lead Total 239.2 U mg/l 0.002 3-Jun-96 
Magnesium Total 200.7 208 mg/l 0.1 3-Jun-96 
Manganese Total 200. 7 0.046 mg/l 0.005 3-Jun-96 
Mercury Total 245.1 U mg/l 0.0002 6-Jun-96 
Potassium Total 200.7 21 mg/l 5 6-Jun-96 
Selenium Total 270.2 U mg/l 0.005 3-Jun-96 
Sodium Total 200.7 76 mg/l 1 6-Jun-96 
Zinc Total 200.7 U mg/l 0.02 3-Jun-96 
Fluoride 340.2 1.6 mg/l 0.1 1-Jun-96 
Alkalinity CO3 3160.1M U mg/l 1 23-May-96 
Alkalinity HCO3 310.1M 165 mg/l 1 23-May-96 
Chloride 300.0 38 mg/l 1 28-May-96 
pH SO. 7.84 unit 0.01 23-May-96 
Spec. Cond. 120.4, 3380 pwmh/cm 1 23-May-96 
TDS 160.1 3360 mg/l 10 23-May-96 
Nitrate as N 300.0 U mg/l 0.1 28-May-96 
ortho-Phosphate 365.1 U mg/l 0.02 3-Jun-96 
Sulfate 300.0 2500 mg/l 25 28-May-96 
Silica Dissolved 200.7 14 mg/l 2 3-Jun-96 
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Status: Final 
ENERGY FUELS NUCLEAR 


Analyte: Gross Alpha Project: 
Fraction: Dissolved Date Analyzed: 06/10-06/18 
Method: 900.0 LLD: 43 
Units: pCi/l 
Date 
Lab Id Sampled Matrix Sample Id Concentration+ 20 LLD 
962009-1 15-May-96 Water HER189 35421 43 
Analyte: Gross Beta Project: 
Fraction: Dissolved Date Analyzed: 06/10-06/18 
Method: 900.0 LLD: 32 
Units: pCi/1l 
Date 
Lab Id Sampled Matrix Sample Id Concentration+ 20 LLD 
962009-1 15-May-96 Water HER189 30+25 32 
Analyte: Ra-226 Project: 
Fraction: Dissolved Date Analyzed: 05/23-05/28 
Method: SM-705 LLD: 0.2 
Units: pCi/l 
Date 
Lab Id Sampled Matrix Sample Id Concentration+ 20 LLD 
962009-1 15-May-96 Water HER189 4.3+0.7 0.2 
Analyte: Ra-228 Project: 
Fraction: Dissolved Date Analyzed: 05/29-06/03 
Method: Perc/Brooks LLD: 1 
Units: pCi/1l 
Date 
Lab Id Sampled Matrix Sample Id Concentration+ 20 LLD 
962009-1 15-May-96 Water HER189 1.0+0.7 1: 
Analyte: Th-230 Project: 
Fraction: Dissolved Date Analyzed: 05/23-06/03 
Method: USAEC LLD: 0.2 
Units: pCi/l 
Date 
Lab Id Sampled Matrix Sample Id Concentration+ 20 LLD 
962009-1 15-May-96 Water HER189 0.0+0.4 Ou2 
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ENERGY FUELS NUCLEAR 


Analyte: Uranium Project: 
Fraction: Dissolved Date Analyzed: 05/28-05/30 
Method: ASTM D2907 LLD: 0.0003 
Units: mg/l 
Date 
Lab Id Sampled Matrix Sample Id Concentration LLD 
962009-1 15-May-96 Water HER189 0.0018 0.0003 
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Rei 
962678E 


Status: Final 


Sample Id: 
Lab Id: 962678-1 Project: 
Date Sampled: 31-Jul-96 Matrix: Water 

Date 
Analyte Fraction Method Concentration MDL Analyzed 
Silver Total 200.7 U mg/l 0.01 20-Aug-96 
Arsenic Total 206.2 U mg/1 0.003 20-Aug-96 
Barium Total 206:.7 U mg/l 0.02 20-Aug-96 
Calcium Total 200.7 604 mg/l 0.2 20-Aug-96 
Cadmium Total 200.7 U mg/l 0.005 20-Aug-96 
Chromium Total 200.7 U mg/1 0.01 20-Aug-96 
Copper Total 200.7 U mg/l 0.01 20-Aug-96 
Iron Total 200.7 4.0 mg/l 0.1 20-Aug-96 
Lead Total 239.2 U mg/l 0.002 20-Aug-96 
Magnesium Total 200.7 202 mg/1 0.1 20-Aug-96 
Manganese Total Z0'0)..7 0.044 mg/l 0.005 20-Aug-96 
Mercury Total 245.1 0.0002 mg/l 0.0002 13-Aug-96 
Potassium Total 200.7 22 mg/l 5 20-Aug-96 
Selenium Total 270.2 U mg/l 0.005 20-Aug-96 
Sodium Total 200.7 81 mg/l 1 20-Aug-96 
Zinc Total 200.7 U mg/l 0.02 20-Aug-96 
Fluoride 340.2 1.7 wefl 0.1 12-Aug-96 
Alkalinity CO3 310.1M U mg/l 1 5-Aug-96 
Alkalinity HCO3 310.1M 160 mg/l 1 5-Aug-96 
Chloride 300.0 36 mg/l 3 15-Aug-96 
pH 150). 7.20 WALE 0.01 5-Aug-96 
Spec. Cond. 1230 ..2 3370 pmh/cm 1 7-Aug-96 
TDS 160.1 3340 mg/l 10 6-Aug-96 
Nitrate as N 353.2 0.1 mg/l 0.1 2-Aug-96 
ortho-Phosphate 365.1 U mg/l 0.02 2-Aug-96 
Sulfate 300.0 2240 mg/l 25 15-Aug-96 
Silica Total 200.7 14 mg/l 2 20-Aug-96 
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Status: Final 
ENERGY FUELS NUCLEAR 


Analyte: Gross Alpha Project: 
Fraction: Total Date Analyzed: 08/06-08/13 
Method: 900.0 LLD: 38 
Units: pCi/l 
Date 
Lab Id Sampled Matrix Sample Id Concentration+ 20 LLD 
962678-1 31-Jul-96 Water HER 192 184+18 38 
Analyte: Gross Beta Project: 
Fraction: Total Date Analyzed: 08/06-08/13 
Method: 900.0 LLD: 70 
Units: pCi/l 
Date 
Lab Id Sampled Matrix Sample Id Concentration+ 20 LLD 
962678-1 31-Jul-96 Water HER 192 5+31 70 
Analyte: Ra-226 Project: 
Fraction: Total Date Analyzed: 08/08-08/13 
Method: SM-705 LLD: 0.1 
Units: pCi/1l 
Date 
Lab Id Sampled Matrix Sample Id Concentration+ 20 LLD 
962678-1 31-Jul-96 Water HER 192 7.5+0.8 Oi... 
Analyte: Ra-228 Project: 
Fraction: Total Date Analyzed: 08/16-08/19 
Method: Perc/Brooks LLD: 2 
Units: pCi/1l 
Date 
Lab Id Sampled Matrix Sample Id Concentration+ 20 LLD 
962678-1 31-Jul-96 Water HER 192 0.041.0 2 
Analyte: Th-230 Project: 
Fraction: Total Date Analyzed: 08/13-08/19 
Method: USAEC LLD: 0.6 
Units: pCi/l 
Date 
Lab Id Sampled Matrix Sample Id Concentration+ 20 LLD 
962678-1 31-Jul-96 Water HER 192 0.0+0.4 0.6 
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Status: Final 
ENERGY FUELS NUCLEAR 


Analyte: Uranium Project: 
Fraction: Total Date Analyzed: 08/19-08/20 
Method: ASTM D2907 LLD: 0.0003 
Units: mg/l 
Date 
Lab Id Sampled Matrix Sample Id Concentration LLD 
962678-1 31-Jul-96 Water HER 192 0.0011 0.0003 


hitps://www.astm.org/d2907-97.html 


This is a magnitude lower than the precision of the method used 
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INTERNATIONAL URANIUM (USA) CORPORATION 


Sample Id: 
Lab Id: 972579-2 Project: 
Date Sampled: 18-Jun-97 Matrix: Water 

Date 
Analyte Fraction Method Concentration MDL Analyzed 
Silver Total 200.7 U mg/l 0.01 8-Jul-97 
Arsenic Total 206.2 0.005 mg/l 0.003 3-Jul-97 
Barium Total 200s 7 U mg/l 0.02 8-Jul-97 
Gace Gere Seas] ea gE 
Cadmium Total 200..:7 U mg/l 0.005 8-Jul-97 
Chromium Total 200.7 U mg/l 0.01 8-Jul-97 
Copper Total 200.7 U mg/l 0.01 8-Jul-97 
Tron Total 200.7 2.1 mg/l 0.1 8-Jul-97 
Lead Total 239.2 U mg/l 0.002 3-Jul-97 
Magnesium Total 200.7 199 mg/l 0.1 8-Jul-97 
Manganese Total 200.7 0.040 mg/l 0.005 8-Jul-97 
Mercury Total 245.1 U mg/l 0.0002 11-Jul-97 
Potassium Total 200.7 21 mg/l 5S 8-Jul-97 
Selenium Total 270.2 U mg/l 0.005 3-Jul-97 
Sodium Total 2:00.77 82 mg/l 1 8-Jul-97 
Zinc Total 200.7 U mg/l 0.02 8-Jul-97 
Dipweteto. ars eek ite hitter L 
Alkalinity COo3 310.1M U mg/l 1 26-Jun-97 
Alkalinity HCO3 310.1M 160 mg/l 1 26-Jun-97 
Chloride 300.0 37 mg/l 2.0 15-Jul-97 
pH L5.0)..1. 7<85- unit 0.01 26-Jun-97 
Spec. Cond. A260 1 3100 umh/cm 1 27-Jun-97 
TDS 160 ..d 3320 mg/l 10 23-Jul-97 
Nitrate as N 35:3 a2 U mg/l 0.1 20-Jun-97 
ortho-Phosphate 365.1 U mg/l 0.05 27-Jun-97 
Sulfate 3:00...0 2340 mg/l 20 15-Jul-97 
Silica Total 200.7 14 mg/l 2 8-Jul-97 
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INTERNATIONAL URANIUM (USA) CORPORATION 


Analyte: Gross Alpha Project: 
Fraction: Dissolved Date Analyzed: 07/11-07/12 
Method: 900.0 LLD: sample specific 
Units: pCi/1l 

Date 
Lab Id Sampled Matrix Sample Id Concentration+ 20 LLD 
BROS SE PE EE ET 99 
972579-2 18-Jun-97 Water HER208 36426 56 
Analyte: Gross Beta Project: 
Fraction: Dissolved Date Analyzed: 07/11-07/21 
Method: 900.0 LLD: sample specific 
Units: pCi/l 

Date 
Lab Id Sampled Matrix Sample Id Concentration+ 20 LLD 

120 

972579-2 18-Jun-97 Water HER208 8447 103 
Analyte: Ra-226 Project: 
Fraction: Dissolved Date Analyzed: 07/17-07/23 
Method: SM-705 LLD: 0.1 
Units: pCi/l 

Date 
Lab Id Sampled Matrix Sample Id Concentration+ 20 LLD 
642 ae ee EE eR eee aa ea Ee ES aE: 0a 
Gamers RSS a ee eRe hr a I Pe ee ee 0.3% 
Analyte: Th-230 Project: 
Fraction: Dissolved Date Analyzed: 06/26-07/17 
Method: USAEC LLD: 0.3 
Units: pCi/1l 

Date 
Lab Id Sampled Matrix Sample Id Concentration+ 20 LLD 
972579-2 18-Jun-97 Water HER208 0.2+0.4 0.43 
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Status: Final 
INTERNATIONAL URANIUM (USA) CORPORATION 


Analyte: Uranium Project: 
Fraction: Dissolved Date Analyzed: 07/21-07/22 
Method: ASTM D2907 LLD: 0.0009 
Units: mg/l 
Date 
Lab Id Sampled Matrix Sample Id Concentration LLD 
EE I A cn RAL ET RGA RANI RRS SN TOD PETER SD NPT RN se CEPT A aR a ie BENING 
972579-2 18-Jun-97 Water HER208 U 0.0009 


ASTM D2907-97 

Standard Test Methods for Microquantities of Uranium in Water by 
Fluorometry (Withdrawn 2003) 

Scope 


1.1 These test methods are applicable to the determination of 
microquantities of uranium in water in the concentration range from 
0.005 to 50 mg/L. 


https://www.astm.org/d2907-97.html 


‘ 


AGZ 


ACZ Laboratories, Inc. Lab Sample ID: 
30400 Downhill Drive Client Sample ID: 
Steamboat Springs, CO 80487 Client Project ID: 
(800) 334-5493 ACZ Report ID: 


International Uranium(U.S.A.) Corp. 
2555 N. Hwy. 89A,HC 64 Box 153 
Fredonia, AZ 86022 

Mr. Lawrence L. Casebolt 


Sample Matrix: 


Date Sampled: 
Date Received: 
Date Reported: 


Analytical Results 


Same client ID as 


(£14367-01 Barringer Labs 
6/18/1997 sample 
Hermit Mine Water 
RG46961 


6/18/97 13:30 
6/20/97 
7/11/97 


Ground Water 


Metals Anal sis 


Parameters — EPA Method 


Result= Qual 


Calcium, total M200.7 ICP 585 
Magnesium, total M200.7 ICP 199 

Reza Wine ise Ep 
Metals Prep 


EPA Method 


Parameters — 


Units MDE POE Date: Analyst 

mg/L 0.2 1 TAA/97 ss 
mg/L 0.2 | TN1/97 ss 
ete ae a os 


Units. = MDE 


Result==. Qual. 


Total Hot Plate Digestion M3010 ICP 


EPA Method 


Result@= Qual’ 


POL 


Date Analyst 
7/10/97 tw 


Units: MDE PQE: Date: Analyst 


M340.2 - ISE 1.5 


Why are some results blocked out? 


Inorganic Qualifiers (based on EPA'CLP’3/90)2 
U = Analyte was analyzed for but not detected at the indicated MDL 


B= Analyte concentration detected at a value between MDL and PQL 


mg/L 0.1 0.5 7/10/97 kr 


KL Vlehonr 


PQL = Practical Quantitation Limit 
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Vice President of Operations: Ralph Poulsen 


ACZ Laboratories, Inc. 
30400 Downhill Drive 
Steamboat Spgs, CO 80487 
(800) 334-5493 


Fredonia, AZ 86022 


Form: RPTDFT.01.94 


International Uranium(U.S.A) Corp. 
2555 N. Hwy. 89A, HC 64 Box 153 


Att: Mr. Lawrence L. Casebolt 


Parameter EPA Method ® * 
Ra226 ___§M7500 
Remarks: 


“S02 <<<: Inorganic: Qualifiers‘ (based:on EPA: CLP’ 3/90): ~ 
<= Analyte at a concentration less than the detection limit 

B = Concentration for analyte estimated between MDL and PQL 

PQL = Practical Quantitation Limit 


Lab Sample ID: 
Client Sample ID: 
Client Project ID: 

ACZ Report ID: 


Date Sampled: 
Date Received: 
Date Reported: 


Matrix: 


Result: Error (+/-¥ Qual Units 


95 12s PG 


Analytical Ri 


L14367-01 

HER 208 

Hermit Mine Water 
RC2160 


6/18/97 
6/20/97 
7/11/97 


water 


MDL PQL Date 
a) ‘10-Jul-97 


Analyst 


cbr 


Page | 


ocd 


VP-Operations: Ralph Poulsen 


. 


«af 


Analytical Results 


ACZ Laboratories, Inc. Lab Sample ID: L16914-01 


30400 Downhill Drive Client Sample ID: 

Steamboat Springs, CO 80487 Client Project ID: Hermit Mine Water WI 
(800) 334-5493 ACZ Report ID: RG59870 

International Uranium (U.S.A.) Corp. Date Sampled: 12/30/97 16:00 

2555 N. Hwy. 89A, HC 64, Box 153 Date Received: //2/98 

Fredonia, AZ 86022 Date Reported: ///3/98 


Mr. Lawrence L. Casebolt 


Sample Matrix: Ground Water 


Metals Analysis 


Parameter: - EPAMéthod: - its POWs Date: Analyst 
Arsenic, dissolved M206.2 GFAA 0.001 B mg/L 0.001 0.005 1/2/98 jb 
Barium, dissolved M200.7 ICP U mg/L 0.02 0.05 1/5/98 jaw 
Cadmium, dissolved M213.2 GFAA U mg/L 0.0005 ~—:0.003 1/6/98 kr 
Calcium, dissolved M200.7 ICP 596 mg/L l 5 1/5/98 jaw 
Chromium, dissolved M218.2 GFAA U mg/L 0.001 0.005 1/8/98 Ar 
Copper, dissolved M220.2 GFAA U mg/L 0.001 0.005 1/3/98 jb 
Iron, dissolved M200.7 ICP 2.51 mg/L 0.05 0.3 1/5/98 jaw 
Lead, dissolved M239.2 GFAA U mg/L 0.001 0.005 1/5/98 kr 
Magnesium, dissolved M200.7 ICP 194 mg/L | 5 1/5/98 jaw 
Manganese, dissolved M200.8 ICP-MS 0.050 mg/L 0002001 1/9/98 fep 
Mercury, dissolved M245.1 CVAA U mg/L 0.0002 0.001 1/5/98 bg 
Potassium, dissolved M200.7 ICP 20 mg/L 2 5 1/5/98 jaw 
Selenium, dissolved M270.2 GFAA U mg/L 0.01 0.05 1/7/98 fp 
Silica, dissolved M200.7 ICP 13 mg/L 1 3 1/5/98 jaw 
Silver, dissolved M272.2 GFAA U mg/L 0.0005 0.003 1/7/98 fp 
Sodium, dissolved M200.7 ICP 75 mg/L 2 5 1/5/98 jaw 
Uranium, dissolved M200.8 ICP-MS. 0.0007 B mg/L 000050003 1/9/98 fep 
Zinc, dissolved M289.2 GFAA 0.002 B mg/L 0.001 ~—: 0.005 1/13/98 fp 


Wet Chemistr 


EPAMethods 


Alkalinity as CaCO3 


M2320B 

Bicarbonate as CaCO3 166 mg/L Z 10 1/2/98 sts 

Carbonate as CaCO3 U mg/L 2 10 1/2/98 sts 

Hydroxide as CaCO3 U mg/L 2 10 1/2/98 sts 

Total Alkalinity 166 mg/L 2 10 1/2/98 sts 
Cation-Anion Balance Calculation 

Cation-Anion Balance -0.5 % 1/13/98 calc 

Sum of Anions $0.2 meq/L 0.1 0.5 1/13/98 calc 

Sum of Cations 49.7 meq/L 0.1 0.5 1/13/98 calc 
Chloride M325.2 - Colorimetric (RFA) 35 mg/L 1 5 1/7/98 — jb/mc 
Conductivity @25C M120.1 - Meter 3250 umhos/cm 1 10 1/2/98 sts 
Fluoride M340.2 - ISE 1.5 mg/L 0.1 0.5 1/12/98 sts 
Nitrate as N. dissolved M353.2 - Automated Cadmium Reduction 0.02 B mg/L 0.02 0.1 1/2/98 ss 
Nitrate/Nitrite as N, dissolved M353.2 - Automated Cadmium Reduction 0.02 B mg/L 0.02 0.1 1/2/98 ss 
Nitrite as N. dissolved M353.2 - Automated Cadmium Reduction U mg/L 0.01 0.05 1/2/98 ss 


i {based On EPAELESO0)E 
U = Analyte was analyzed for but not detected at the indicated MDL 


B = Analyte concentration detected at a value between MDL and PQL 


PQL = Practical Quantitation Limit ——s AS , 


_ Vice President of Operations: Ralph Poulsen 
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ACZ Laboratories, Inc. 

30400 Downhill Drive 
Steamboat Springs, CO 80487 
(800) 334-5493 


International Uranium (U.S.A.) Corp. 
2555 N. Hwy. 89A, HC 64, Box 153 
Fredonia, AZ 86022 

Mr. Lawrence L. Casebolt 


Radiochemistry 


ACEID Client Dee Matrix ee Parameter 
1.17178-01 HER 218 Ground Water Thorium 230, dissolved 


Radiochemistry Notes 


\MDA: Calculated sample specific Minimum Detectable Activity 

Error(+/-): Calculated sample specific uncertainty 

Solid matrices reported on a dry weight basis 

Preparation Method: "Method" indicates preparation defined in analytical method 


Method Prefix Reference: 


0.1 


M=EPA SM=Standard Methods D=ASTM RP=DOE ESM =DOE/ESM 


REPRC001Radchem Default98.01.02 


“PReault Errore) © MDA™ 
0.18 


Page 1 of 1 


Method 


ACZ Project ID: 
Client Project ID: 
ACZ Report ID: 


Date Sampled: 
Date Received: 
Date Reported: 


Preparation 
Date 


Analyst 


ieusiSthy.ax€SUro © 


L17178 
Hermit Mine Water WL 
RG61048 


12/30/97 
1/2/98 
2/2/98 


Analysis 
Method Date 
ESM 4506 1/31/98 


CV beleo, 


Vice President of Operations: Ralph Poulsen 


Analyst 


ACZ Laboratories, Inc. 


30400 Downhill Drive 
Steamboat Springs, CO 80487 
(800) 334-5493 ACZ Project ID: L/69/4 
Client Project ID: Hermit Mine Water WI 

International Uranium (U.S.A.) Corp. ACZ Report ID: RG60094 
2555 N. Hwy. 89A, HC 64, Box 153 
Fredonia, AZ 86022 Date Sampled: 12/30/97 
Mr. Lawrence L. Casebolt Date Received: 1/2/98 

Date Reported: ///6/98 


Radiochemistry 


Preparation 


Analysis 


ACZ ID © Client ID Parameter Result Error(+/-) MDA Method Date Analyst Method Date Analyst 

1.16914-01 HER 218 Ground Water Gross Alpha 13 13 11 Method 1/14/98 iis SM7110B 1/15/98 cbr 
Gross Beta 32 13 16 Method 1/14/98 iis SM7110B 1/15/98 cbr 
Radium 226, dissolved 11.1 1 0.81 Method 1/13/98 iis SM7500 B 1/15/98 cbr 
Radium 228 1.65 0.53 11 Method 1/14/98 jis M9320 1/16/98 cbr 

Notes: 

RC970813-1 

RC971209-2 

Radiochemistry Notes: 

\MDA: Calculated sample specific Minimum Detectable Activity 

‘Exror(+/-): Calculated sample specific uncertainty 

| 

Solid matrices reported on a dry weight basis 

'Preparation Method: "Method" indicates preparation defined in analytical method 

Method Prefix Reference: — KV LOY 

M=EPA  SM= Standard Methods D=ASTM RP=DOE ESM = DOE/ESM | Page 1 of 1 Vice President of Operations: Ralph Poulsen 


| 
REPRCO001Radchem Default98.01.02 


s 


ACZ Laboratories, Inc. 

30400 Downhill Drive 
Steamboat Springs, CO 80487 
(800) 334-5493 


International Uranium (U.S.A.) Corp. 
2555 N. Hwy. 89A, HC 64, Box 153 
Fredonia, AZ 86022 

Mr. Lawrence L. Casebolt 


pH (lab) M150.1 - Electrometric 
Phosphorus, ortho dissolved M365.1 - Automated Ascorbic Acid 
Residue, Filterable (TDS) @180C M160.1 - Gravimetric 

Sulfate M375.3 - Gravimetric 

TDS (calculated) Calculation 

TDS (ratio - measured/calculated) Calculation 


U = Analyte was analyzed for but not detected at the indicated MDL 
B = Analyte concentration detected at a value between MDL and PQL 


PQL = Practical Quantitation Limit 
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Lab Sample ID: 
Client Sample ID: 
Client Project ID: 

ACZ Report ID: 


Date Sampled: 
Date Received: 


Date Reported: 


Sample Matrix: 


L16914-01 
HER 218 


Hermit Mine Water WI 


RG59870 
12/30/97 16:00 
1/2/98 

1/13/98 


Ground Water 


7.0 units 0.1 0.1 

Us mg/L_—s 0.005 0.03 
3460 mg/L 10 20 
2180 mg/L 10 20 
3220 mg/L 10 50 
1.08 


_fUP 


1/2/98 
1/2/98 
1/5/98 
1/5/98 
1/13/98 
1/13/98 


sts 
ss 
sts 
¢j 
calc 
calc 


Vice President of Operations: Ralph Poulsen 


AGZ Analytical Results 


ACZ Laboratories, Inc. Lab Sample ID: L19143-02 
30400 Downhill Drive Client Sample ID: 

Steamboat Springs, CO 80487 Client Project ID: 

(800) 334-5493 ACZ Report ID: RG72276 
International Uranium (U.S.A.) Corp. Date Sampled: 6/25/98 11:00 
2555 N. Hwy. 89A, HC 64, Box 153 Date Received: 6/26/98 
Fredonia, AZ 86022 Date Reported: 7/20/98 


Mr. Lawrence L. Casebolt 
Sample Matrix: Ground Water 


Metals Analysis 
Parameters: 


EPA Method: Result Units Date Analyst 


Arsenic, total M206.2 GFAA 0.002 B mg/L 0.001 0.005 718/98 jb 
Barium, total M200.7 ICP 0.013 B mg/L 0.006 0.02 7/10/98 eg 
Cadmium, total M213.2 GFAA U mg/L 0.0005 0.003 7/4/98 jb 
Calcium, total M200.7 ICP 561 mg/L 0.4 2 7/10/98 gg 
Chromium, total M218.2 GFAA U mg/L 0.001 0.005 7/11/98 jb 
Copper, total M220.2 GFAA U mg/L 0.001 0.005 7/11/98 jb 
Iron, total M200.7 ICP 5.91 mg/L 0.02 0.1 7/10/98 eg 
Lead, total M239.2 GFAA U mg/L 0.001 0.005 7/10/98 jb 
Magnesium, total M200.7 ICP 190 mg/L 0.4 2 7/10/98 gg 
Manganese, total M200.8 ICP-MS. 0.084 mmg/iemn0:002e0:01 7/14/98 sep 
Mercury, total M245.1 CVAA U mg/L 0.0002 0.001 7/10/98 bg 
Potassium, total M200.7 ICP 20.6 mg/L 0.6 2 7/10/98 gg 
Selenium, total SM 3500-Se C, AA-Hydride U mg/L 0.001 0.005 7/9/98 bg 
Silica, total M200.7 ICP 12.5 mg/L 0.4 1 7/10/98 gg 
Silver, total M272.2 GFAA U mg/L 0.0005 0.003 7/8/98 jb 
Sodium, total M200.7 ICP 74.2 mg/L 0.6 2 7/10/98 gg 
Uranium, total M200.8 ICP-MS U mg/L 0.0005 0.003 = 7/14/98 fep 
Zinc, total M200.7 ICP U mg/L 0.02 0.1 7/10/98 gg 
ae EPA Method Resul€ Units: . MDE POL \ 
Total Hot Plate Digestion M3010 ICP 7/10/98 ms 
Total Hot Plate Digestion M3010 GFAA 7/7/98 laa 
Total Hot Plate Digestion M3010 ICP-MS 7/13/98 ms 


EPA: Method 


ee. e Result] ~ 
Alkalinity as CaCO3 M2320B 


MDE 


Units POL Analyst 


Bicarbonate as CaCO3 163 mg/L 2 10 7/8/98 sts 
Carbonate as CaCO3 U mg/L 2 10 7/8/98 sts 
Hydroxide as CaCO3 U mg/L Z 10 7/8/98 sts 
Total Alkalinity 163 mg/L 2 10 7/8/98 sts 
Chloride M325.2 - Colorimetric (RFA) 35 mg/L 1 5 7/8/98 mh 
Conductivity (@25C M120.1 - Meter 3350 umhos/cm 1 10 7/8/98 sts 
Fluoride M340.2 - ISE 1.4 mg/L 0.1 0.5 7/9/98 bk 
Lab Filtration pid ; 6/29/98 ms 
Nitrate as N. dissolved Calculation: NO3NO2 minus NO2 0.04 B mg/L 0.02 0.1 7/20/98 calc 
Nitrate/Nitrite as N. dissolved M353.2 - Automated Cadmium Reduction 0.04 B mg/L 0.02 0.1 6/26/98 ss 
Nitrite as N. dissolved M353.2 - Automated Cadmium Reduction U mg/L 0.01 0.05 6/26/98 ss 


‘ lifiers (based:on- EPA'CLP'3/90)i 


= Analyte was analyzed for but not detected at the indicated MDL 


B = Analyte concentration detected at a value between MDL and PQL LY: VIA 


PQL = Practical Quantitation Limit 
Q eis an Vice President of Operations: Ralph Poulsen 
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AGZ : 


ACZ Laboratories, Inc. 

30400 Downhill Drive 
Steamboat Springs, CO 80487 
(800) 334-5493 


International Uranium (U.S.A.) Corp. 
2555 N. Hwy. 89A, HC 64, Box 153 
Fredonia, AZ 86022 

Mr. Lawrence L. Casebolt 


pH (lab) M150.1 - Electrometric 

Phosphate Calculation based on Ortho Phosphorus 
Phosphorus, ortho dissolved M365.1 - Automated Ascorbic Acid 
Residue, Filterable (TDS) @180C M160.1 - Gravimetric 

Sulfate M375.3 - Gravimetric 


Tnorgani Qualifiers (based on EPA 'CLP3/90) 


U = Analyte was analyzed for but not detected at the indicated MDL 
B = Analyte concentration detected at a value between MDL and PQL 


PQL = Practical Quantitation Limit 


REPIN101.03.95.01 Page 2 of 2 


Lab Sample ID: 
Client Sample ID: 
Client Project ID: 

ACZ Report ID: 


Date Sampled: 
Date Received: 


Date Reported: 


Sample Matrix: 


7.4 
U 
U 
3520 
2120 


L191 it 


RG72276 


6/25/98 11:00 
6/26/98 
7/20/98 


Ground Water 


units 0.1 0.1 
mg/L 0.03_—s 0.15 
mg/L 0.005 0.03 
mg/L 10 20 
mg/L 10 20 


LUE 


7/8/98 
7/20/98 
6/26/98 

712/98 

7/9198 


Vice President of Operations: Ralph Poulsen 
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Soe, ee ea oe 


ACZ Laboratories, Inc. 
30400 Downhill Drive 
Steamboat Springs, CO 80487 


(800) 334-5493 ACZ Project ID: 1/9/43 


Client Project ID: 


International Uranium (U.S.A.) Corp. ACZ Report ID: =RG72739 


2555 N. Hwy. 89A, HC 64, Box 153 
Fredonia, AZ 86022 
Mr. Lawrence L. Casebolt 


Date Sampled: 6/24/98 
Date Received: 6/26/98 
Date Reported: 7/23/98 


BES: Preparation a) Analysis 
Units Method Date Analyst Method... Date Analyst 


Radiochemistry 
ACZ ID Client ID 


MDA 


Matrix: Parameter Result ~~ Error(+/-) 


L19143-02 ~HER223 Ground Water Gross Alpha 9 14 12 pCi/L Method 7/17/98 jd M9310 —-7/17/98 cbr 
Gross Beta 32 12 15 pCi/L Method 7/17/98 jd M9310 7/17/98 cbr 
Gross Beta is higher Guatcnieene cc Sie Se pe SE OR IS 

Radium 228, total 1.8 13 2.6 pCi/L Method 7/9/98 -~—Sjd M9320. —-7/14/98 cbr 


than Gross Alpha 
Thorium 230, total 0.46 0.3 0.2 pCi/L Method 7/17/98 jd ESM 4506 7/21/98 jd 


Radiochemistry Notes 


MDA: Calculated sample specific Minimum Detectable Activity 


Error(+/-): Calculated sample specific uncertainty 


Solid matrices reported on a dry weight basis 


Preparation Method: "Method" indicates preparation defined in analytical method 
Method Prefix Reference: Sols 
M=EPA SM=Standard Methods D=ASTM RP=DOE ESM=DOE/ESM Page 1 of 1 Vice President of Operations: Ralph Poulsen 
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ACZ Laboratories, Inc. 


30400 Downhill Drive 

Steamboat Springs, CO 80487 

(800) 334-5493 ACZ Project ID: 1/9578 
Client Project ID: 

International Uranium (U.S.A_) Corp. ACZ Report ID: RG742// 

2555 N. Hwy. 89A, HC 64. Box 153 

Fredonia, AZ 86022 Date Sampled: 6/24/98 

Mr. Lawrence L. Casebolt Date Received: 7/28/98 

Date Reported: 8/6/98 


Radiochemistry 


L19578-02 “HER223 Ground Water Radium 226, total 10.99 0.87 0.57 pcvL Method 7/31/98 jd M9315 7/31/98 cbr 


Ra 226 is higher than Gross Alpha 
U is greatest contributor to gross alpha 


ne 


MDA: Calculated sample specific Minimum Detectable Activity 


Error(+/-): Calculated sample specific uncertainty 


Solid matrices reported on a dry weight basis 


Preparation Method: "Method" indicates preparation defined in analytical method Vs 
Method Prefix Reference: AV a - 


M=EPA SM =Standard Methods D=ASTM RP=DOE_ ESM = DOE/ESM 


Page 1 of 1 Vice President of Operations: Ralph Poulsen 
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AGZ 


ACZ Laboratories, Inc. Lab Sample ID: L21309-01 
30400 Downhill Drive Client Sample ID: 

Steamboat Springs, CO 80487 Client Project ID: Hermit Mine 
(800) 334-5493 ACZ Report ID: RG8&3428 
International Uranium (U.S.A.) Corp. Date Sampled: ///23/98 18:30 
2555 N. Hwy. 89A, HC 64, Box 153 Date Received: 11/25/98 
Fredonia, AZ 86022 Date Reported: 12/21/98 


Mr. Lawrence L. Casebolt 
Sample Matrix: Ground Water 


Metals Analysis 


1 te: es) ae EPA Method Result Units Date: Analyst 
Arsenic, total M206.2 GFAA 0.002 B mg/L 0.002 0.01 12/11/98 jb 
Barium, total M200.7 ICP 0.012 B mg/L 0.006 0.02 = 12/11/98 kr 
Cadmium, total M213.2 GFAA U mg/L 0.0005 0.003 12/17/98 jb 
Calcium, total M200.7 ICP 552 mg/L 0.4 2 12/11/98 kr 
Chromium, total M218.2 GFAA U mg/L 0.001 0.005 12/12/98 jb 
Copper, total M220.2 GFAA U mg/L 0.001 0.005 12/12/98 jb 
Iron, total M200.7 ICP 19.30 mg/L 0.02 0.1 12/11/98 kr 
Lead, total M239.2 GFAA U mg/L 0.001 0.005 12/11/98 jb 
Magnesium. total M200.7 ICP 193 mg/L 0.4 2 12/11/98 kr 
Manganese. total M200.8 ICP-MS 0.341 mg/L 0.002 +~0.01 12/5/98 fep 
Mercury, total M245.1 CVAA U mg/L 0.0002 0.001 12/4/98 bg 
Potassium, total M200.7 ICP 21.0 mg/L 0.6 2 12/11/98 kr 
Selenium, total SM 3500-Se C, AA-Hydride U mg/L 0.001 0.005 12/37/98 bg 
Silica, dissolved M200.7 ICP 5.7 mg/L 0.4 1 12/11/98 gg 
Silver, total M272.2 GFAA U mg/L 0.0005 0.003 12/12/98 jb 
Sodium, total M200.7 ICP 76.6 mg/L 0.6 2 12/11/98 kr 
Uranium, total M200.8 ICP-MS 0.001 B mg/b 0.001 0.005 12/8/98 fep 
Zinc, total M200.7 ICP U mg/L 0.02 0.1 12/11/98 kr 


Parameters ee 2000 7 EPA Method Result Units 

Total Hot Plate Digestion M3010 ICP 12/10/98 laa 
Total Hot Plate Digestion M3010 GFAA 12/11/98 bg 
Total Hot Plate Digestion M3010 ICP-MS 12/4/98 laa 


Wet Chemistr 


Paranictewye. = - Sie ae ERA Method: Result Units* Analyst 
Alkalinity as CaCO3 M2320B 
Bicarbonate as CaCO3 118 mg/L 2 10 12/4/98 sts 
Carbonate as CaCO3 U mg/L | 2 10 12/4/98 sts 
Hydroxide as CaCO3 : U mg/L 2 10 12/4/98 sts 
Total Alkalinity 118 mg/L z 10 12/4/98 sts 
Chloride M325.2 - Colorimetric (RFA) 37 mg/L 1 5 12/11/98 jl 
Conductivity @25C M120.1 - Meter 3200 umhos/cm 1 10 12/4/98 sts 
Fluoride M340.2 - ISE . 1.4 mg/L 0.1 0.5 11/28/98 cd 
Lab Filtration ee 11/27/98 als 


B = Analyte concentration detected at a value between MDL and PQL Ki / 


PQL = Practical Quantitation Limit i , z : 
° = AOS EE DS AP Vice President of Operations: Ralph Poulsen 
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ACZ Laboratories, Inc. 

30400 Downhill Drive 
Steamboat Springs, CO 80487 
(800) 334-5493 


International Uranium (U.S.A.) Corp. 
2555 N. Hwy. 89A, HC 64, Box 153 
Fredonia, AZ 86022 

Mr. Lawrence L. Casebolt 


Nitrate as N. dissolved Calculation: NO3NO2 minus NO2 
Nitrate/Nitrite as N. dissolved M353.2 - Automated Cadmium Reduction 
Nitrite as N. dissolved M353.2 - Automated Cadmium Reduction 
pH (lab) M150.1 - Electrometric 

Phosphate Calculation based on Ortho Phosphorus 
Phosphorus. ortho dissolved M365.1 - Automated Ascorbic Acid 
Residue, Filterable (TDS) @180C M160.1 - Gravimetric 

Sulfate M375.3 - Gravimetric 


Lab Sample ID: 
Client Sample ID: 
Client Project ID: 

ACZ Report ID: 


Date Sampled: 
Date Received: 


Date Reported: 


Sample Matrix: 


Analytical Results 


L21309-01 
HER228 
Hermit Mine 
RG83428 


11/23/98 18:30 
11/25/98 
12/21/98 


Ground Water 


Note: Sample required re-analysis for Ortho Phosphorus after the applicable holdtime had expired. Retest value 
correlates with data from original analysis, performed within holdtime. 


as analyzed for but not detected at the indicated MDL 


f 
U 


Analyte 
B = Analyte concentration detected at a value between MDL and PQL 


PQL = Practical Quantitation Limit 


REPIN101c.01.96.01 Page 2 of 2 


0.03 B mg/L 0.02 0.1 12/21/98 calc 
0.03 B mg/L 0.02 0.1 11/25/98 ss 
U mg/L 0.01 0.05 =—-11/25/98 SS 

6.9 units 0.1 0.1 12/4/98 sts 
U mg/L 0.03 0.15 12/21/98 calc 

0.007 B mg/L 0.005 ~=—-0.03 12/3/98 ss 
3290 mg/L 10 20 11/28/98 cd 
1900 mg/L 10 20 12/2/98 mbh/cd 

Vice President of Operations: Ralph Poulsen 
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ACZ Laboratories, Inc. 

30400 Downhill Drive 
Steamboat Springs, CO 80487 
(800) 334-5493 


International Uranium (U.S.A.) Corp. 
2555 N. Hwy. 89A, HC 64, Box 153 
Fredonia, AZ 86022 

Mr. Lawrence L. Casebolt 


Radiochemistry Results 


ACZ Project ID: 
Client Project ID: 
ACZ Report ID: 


Date Sampled: 
Date Received: 
Date Reported: 


L21309 
Hermit Mine 
RG8&4329 


11/23/98 
11/25/98 
1/4/99 


Radiochemistry 
ACZ ID Client ID 


Matrix Parameter Result Error(+/-) 


121309-01 HER228 Ground Water Gross Alpha 47 19 11 
Gross Beta 49 13 15 
Radium 226, total 4.78 0.87 1.2 
Radium 228, total 3.09 0.84 1.7 
Thorium 230, total 0.14 0.3 0.2 


Radiochemistry Notes 


MDA: Calculated sample specific Minimum Detectable Activity 

Error(+/-): Calculated sample specific uncertainty 

Solid matrices reported on a dry weight basis 

Preparation Method: "Method" indicates preparation defined in analytical method 
Method Prefix Reference: 

M=EPA SM=Standard Methods D=ASTM RP=DOE ESM=DOE/ESM Page 1 of 1 


REPRCO001.98.01.02 


MDA 


Units 
pCi/L 
pCi/L 
pCi/L 
pCi/L 
pCi/L 


Method 


Preparation 
Date 
Method 12/10/98 
Method 12/10/98 
Method 12/28/98 
Method 12/16/98 
Method 12/11/98 


Analyst 


cbr 
cbr 
cbr 
ejs 
jd 


Analysis 
Date 


Method Analyst 


M9310 12/11/98 cbr 
M9310 12/11/98 cbr 
M9315 12/29/98 cbr 
M9320 12/18/98 ejs 
ESM 4506 12/17/98 jd 


Weaken 


Vice President of Operations: Ralph Poulsen 


File Divider 


Page 


BARRINGER LABORATORIES INC. 


15000 W 6TH AVE.. SUITE 300. GOLDEN. COLORADO 80401 PHONE (303) 277-1687 
22-May-91 

Don Pilmor 

ENERGY FUELS NUCLEAR Page: 1 

P.O. Box 36 Copy: 1of 3 

Fredonia, AZ 86022 Set : 1 


Attn: Received: 3-May-91 10:06 
Project: Hermit Min PO #: 


Job: 91830E Status: inal 


Sample Type: Water 


Alkalinity HCO3 cO3 cl pH Specific 
as Cac03 as CacO3 as Cac03 Conductance 


i 

! 

( 

B 

{ 

| 

| 

| Sample mg/l mg/l mg/l mg/l unit umho/cm 

HER100 162 162 <1 40 7 «56 2580 
f TDS TSS NO3 as N PO4 SO4 $io2 
Sample mg/l mg/l mg/l mg/l mg/l mg/l 

| HER100 3360 Li? <0O.1 <0.1 2270 1237 
f 
| 
( 
i 
i 
li 
& 
i 
| 


Ag As Ba Ca Cd Cr 
Total Total Total Total Total Total 


Sample mg/l mg/l mg/l mg/l mq/l mg/l 
HER100 <0.01 <0.001 0.01 579 0.009 0.01 


Cu F Fe Pb Mg Mn 
HER100 <0.01 is 7.07 <0.02 191 0.09 


Sample mg/l mg/l __ mg/l mg/l mg/l 
HER100 <0.0002 2157 <0.001 75.1 <0.005 


Gross Alpha Error Gross Beta Error Ra-226 Error 
Total Total Total 


Sample pci/l 20 pci/l 20 pci/l 20 


P + 
HER100 Hermit Mine Clean Closure axB S06 


International Uranium (USA) Corp 
Energy Fuels Nuclear, Inc. 
Inventory #100299 
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BARRINGER LABORATORIES INC. 


15000 W. 6TH AVE., SUITE 300, GOLDEN. COLORADO 80401 PHONE (303) 277-1687 


Don Pilmor 

ENERGY FUELS NUCLEAR 
P.O; BOX 36 
Fredonia, AZ 86022 


22-May-91 
Page: 2 
Copy: 1of 3 
Set : 1 


Attn: Received: 3-May-91 10:06 
Project: Hermit Min PO #: 
Job: 91830E Status: Final 


Sample Type: Water 


Th-230 Error U 
Total Total 
Sample pci/l 20 mg/l 
HER100 0.0 +0.5 0.0016 
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BARRINGER LABORATORIES INC. 


15000 W. 6TH AVE., SUITE 300. GOLDEN. COLORADO 80401 PHONE (303) 277-1687 


22-May-91 
Don Pilmor 
ENERGY FUELS NUCLEAR Page: 3 
P.O. Box 36 Copy: 1o0f 3 
Fredonia, AZ 86022 Set ;: 1 
Attn: Received: 3-May-91 10:06 
Project: Hermit Min PO #: 
Job: 91830E Status: Final 


Abbreviations: 


Parameters: 


HCO3 : Bicarbonate 
CO3 : Carbonate 
Gl : Chloride 
TDS : Total Dissolved Solids 
TSS : Total Suspended Solids 
NO3 as N : Nitrate 

PO4 : Phosphate 
S04 : Sulfate 
$i02 : Silica 

Ag : Silver 

As : Arsenic 

Ba : Barium 

Ca : Calcium 

cd : Cadmium 

cr : Chromium 

Cu : Copper 

F : Fluoride 

Fe : Iron 

Pb : Lead 

Mg : Magnesium 
Mn : Manganese 
Hg : Mercury 

K : Potassium 
Se : Selenium 

Na : Sodium 

zn : Zine 

Ra-226 : Radium-226 
Th-230 : Thorium-230 
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BARRINGER LABORATORIES INC. 


15000 W. 6TH AVE., SUITE 300, GOLDEN, COLORADO 80401 PHONE (303) 277-1687 


Don Pilmor 
ENERGY FUELS NUCLEAR Page: 
P.O. Box 36 Copy: 
Fredonia, AZ 86022 Set 
Attn: Received: 3-May-91 10:06 
Project: Hermit Min PO #: 
Job: 91830E Status: 

U : Uranium 
Units: 

mg/l : milligrams per liter 

umho/cm : micromhos per centimeter at 25C 

pci/l : picoCuries per liter 

20 : Counting error at the 95% confidence level, 
Quality control: 

< : less than 


/ Ellen La Riviere 
Laboratory Managers 
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BARRINGER LABORATORIES INC. 


15000 W. 6TH AVE., SUITE 300, GOLDEN, COLORADO 80401 PHONE (303) 277-1687 


Don Pilmor 

ENERGY FUELS NUCLEAR 
P.O. Box 36 
Fredonia, AZ 86022 


22-May-91 
Page: 1 
Copy: 1 of 3 
Set ; af 


Attn: Received: 3-May-91 10:06 
Project: Hermit Min PO #: 
Job: 91830E Status: Final 


QUALITY CONTROL REPORT 


Sample Type: Water 


Alkalinity HCO3 CO3 cl 
as Caco3 as cacCO3 as CaCcO3 
Sample Id mg/l mg/l mg/l mg/l 
Duplicate 192 192 I 28 
Duplicate 192 192 <1 28 
Duplicate % diff. 0.0 0.0 0.0 0.0 
Std (actual value) --- --- --- 58 
Std (expected value) --- --- --- 50 
Std % diff. --- --- --- 16 
Blank --- --- --- --- 
Spike Recovery % --- --- --- 109 
pH Specific TDS TSS 
Conductance 
Sample Id unit umho/cm mg/l mg/l 
Duplicate 7.56 --- 3360 17 
Duplicate 756 -<-- 3360 Lg 
Duplicate % diff. 0.0 == 0.0 0.0 
Std (actual value) “= 1420 1770 == 
Std (expected value) --- 1413 1742 =a 
Std % diff. --- 0.5 1.6 ~—- 
Blank --- --- --- --- 
Spike Recovery % --- --- --- ae 
NO3 as N PO4 S04 $i02 
Sample Id mg/l mg/l mg/l mg/l 
Duplicate o..7 <0.1 2330 9.38 
Duplicate 0.7 <0.1 2320 10.6 
Duplicate % diff. 0.0 0.0 0.2 6.1 
Std (actual value) 2.06 0.54 1300 1.23 
Std (expected value) 1.98 0.50 1234 1.19 
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BARRINGER LABORATORIES INC. 


15000 W. 6TH AVE., SUITE 300, GOLDEN, COLORADO 80401 PHONE (303) 277-1687 


Don Pilmor 

ENERGY FUELS NUCLEAR 
P.O. Box 36 
Fredonia, AZ 86022 


22-May-91 
Page: 2 
Copy: 1of 3 
Set : de 


Attn: Received: 3-May-91 10:06 
Project: Hermit Min PO #: 
Job: 91830E Status: Final 


QUALITY CONTROL REPORT 


Sample Type: Water 


NO3 as N PO4 S04 $i02 

Sample Id mq/l mg/l mg/l mg/l 
Std & diff. 4 8 543 3.4 
Blank --- --- --- --- 
Spike Recovery % 112 83 seme * 

Ag As Ba Ca 

Total Total Total Total 

Sample Id mg/l mq/l mg/l mg/l 
Duplicate <0.01 <0.001 <0.01 438 
Duplicate <0.01 <0.001 <0.01 510 
Duplicate % diff. 0.0 0.0 0.0 7.6 
Std (actual value) 1.00 0.110 1.10 237 
Std (expected value) 0.97 0.100 1.02 250 
Std + diff. 3.1 10 7.8 5.2 
Blank --- --- --- --- 
Spike Recovery % 90 76 L138 94 

Cd Cr Cu 
Total Total Total 

Sample Id mg/l mq/l mg/l mg/l 
Duplicate <0.005 <0.01 <0.01 --- 
Duplicate <0.005 <0.01 <0.01 --- 
Duplicate % diff. 0.0 0.0 0.0 “<= 
Std (actual value) 0.217 0.206 0.199 10.0 
Std (expected value) 0.200 0.200 0.200 10.0 
Std = diff. 8.5 3.0 0.5 0.0 
Blank --- --- --- --- 
Spike Recovery % 95 93 90 90 


Meeting The Analytical Challenges Of A Changing World 


BARRINGER LABORATORIES INC. 


15000 W. 6TH AVE., SUITE 300, GOLDEN. COLORADO 80401 PHONE (303) 277-1687 


22-May-91 
Don Pilmor 
ENERGY FUELS NUCLEAR Page: 3 
P.O. Box 36 Copy: 1of 3 
Fredonia, AZ 86022 Set : 1 
Attn: Received: 3-May-91 10:06 
Project: Hermit Min PO #: 
Job: 91830E Status: Final 
QUALITY CONTROL REPORT 
Sample Type: Water 
Fe Pb Mg Mn 
Total Total Total Total 
Sample Id mg/l mg/l mg/l mg/l 
Duplicate 4.18 <0.02 221. 0.04 
Duplicate 4.96 <0.02 258 0.04 
Duplicate % diff. 8.5 0.0 Fai 0.0 
Std (actual value) 0.184 0.191 2.02 0.202 
Std (expected value) 0.200 0.200 2.00 0.200 
Std % diff. 8.0 4.5 1.0 1.0 
Blank --- --- --- --- 
Spike Recovery % 92 75 97 89 
Hg K Se Na 
Total Total Total Total 
Sample Id mg/l mg/l mg/l mg/l 
Duplicate <0.0002 25.8 <0.001 189 
Duplicate <0.0002 31.2 <0.001 226 
Duplicate % diff. 0.0 9.5 0.0 8.9 
Std (actual value) 0.0049 al 22 240 
Std (expected value) 0.0050 10.6 25 250 
Std % diff. 2.0 6.6 12 4.0 
Blank --- --- --- --- 
Spike Recovery % 116 105 76 102 
zn Gross Alpha Error Gross Beta Error 
Total Total Total 
Sample Id mg/l pci/l 20 pci/l 20 
Duplicate 0.014 0 +28 27 +18 
Duplicate 0.014 5 +28 29 +18 
Duplicate % diff. 0.0 100 --- 3.6 --- 
Std (actual value) 0.193 202 +5 104 +2 
Std (expected value) 0.200 206 =-- 106 === 


Meeting The Analytical Challenges Of A Changing World 


BARRINGER LABORATORIES INC. 


15000 W. 6TH AVE., SUITE 300, GOLDEN. COLORADO 80401 PHONE (303) 277-1687 


22-May-91 
Don Pilmor 
ENERGY FUELS NUCLEAR ‘ Page: 4 
P.O. Box 36 Copy: 1o0f 3 
Fredonia, AZ 86022 Set : 1 
Attn: Received: 3-May-91 10:06 
Project: Hermit Min PO #: 
Job: 91830E Status: Final 
QUALITY CONTROL REPORT 
Sample Type: Water 
zn Gross Alpha Error Gross Beta Error 
Total Total Total 
Sample Id mg/l pci/l 20 pci/l 20 
Std % diff. 3.5 1.9 === 1.9 === 
Blank --- 0.0 +0.2 0.4 +0.4 
Spike Recovery % 88 --- --- mations ——< 
Ra-226 Error Th-230 Error U 
Total Total Total 
Sample Id pci/l 20 pci/l 20 mg/l 
Duplicate 22 £3 0.0 +0.5 0.0021 
Duplicate 22 +3 0.0 +0.6 0.0020 
Duplicate % diff. 0.0 --- 0.0 --- 20% 
Std (actual value) 105 +4 101 +3 33 
Std (expected value) 101 --< 98 === 34 
Std % diff. 4.0 --- 442 --- 2.9 
Blank 0.0 +0.2 0.0 +0.2 <0.0003 


Spike Recovery % a 
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BARRINGER LABORATORIES INC. 


15000 W. 6TH AVE., SUITE 300, GOLDEN, COLORADO 80401 PHONE (303) 277-1687 


22-May-91 
Don Pilmor 
ENERGY FUELS NUCLEAR Page: 5 
P.O. Box 36 Copy: 1 of 3 
Fredonia, AZ 86022 Set ; a 
Attn: Received: 3-May-91 10:06 
Project: Hermit Min PO #: 
Job: 91830E Status: Final 


QUALITY CONTROL REPORT 


Abbreviations: 

Parameters: 
HCO3 : Bicarbonate 
CO3 : Carbonate 
cl : Chloride 
TDS : Total Dissolved Solids 
TSs : Total Suspended Solids 
NO3 as N : Nitrate 
PO4 : Phosphate 
S04 : Sulfate 
$io2 : Silica 
Ag : Silver 
As : Arsenic 
Ba : Barium 
Ca : Calcium 
cd : Cadmium 
cr : Chromium 
Cu : Copper 
F : Fluoride 
Fe : Iron 
Pb : Lead 
Mg : Magnesium 
Mn : Manganese 
Hg : Mercury 
K : Potassium 
Se : Selenium 
Na : Sodium 
zn : Zinc 
Ra-226 : Radium-226 
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BARRINGER LABORATORIES INC. 


15000 W. 6TH AVE., SUITE 300. GOLDEN, COLORADO 80401 PHONE (303) 277-1687 


22-May-91 
Don Pilmor 
ENERGY FUELS NUCLEAR Page: 6 
P.O. Box 36 Copy: 1of 3 
Fredonia, AZ 86022 Set : 1 
Attn: Received: 3-May-91 10:06 
Project: Hermit Min PO #: 

Job: 91830 Status: Final 


QUALITY CONTROL REPORT 


Thorium-230 
Uranium 


Th=<230 
U 


Units: 


l mg/l milligrams per liter 
umho/cm micromhos per centimeter at 25C 

| pei /i picoCuries per liter 
20 

i Quality control: 


Counting error at the 95% confidence level, 20 


* 
< 


Sample > 4 times spiked value. 
less than 


oe 
Quality Assurance Department 
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BARRINGER LABORATORIES INC 


15000 W. 6TH AVE., SUITE 300, GOLDEN, COLORADO 80401 PHONE (303) 277-1687 


22-May-91 
Don Pilmor 
ENERGY FUELS NUCLEAR Page: 7 
P.O. Box 36 Copy: 1of 3 
Fredonia, AZ 86022 
Attn: Received: 3-May-91 10:06 
Project: Hermit Min PO #: 
Job: 91830E Status: Final 
QUALITY CONTROL REPORT 
QUALITY CONTROL DATA SHEET 

Received by: ljb Via: UPS 
Sample Container Type: lg cu, L cu 
Sample Type: water 
Preservative When Received: 1. HNO3 2. H2S04 3. None 
Additional Lab Preparation: none 

Preser- Date(s) of 
Parameter Ref Method LLD vative Analyst Analysis 
Alkalinity 1 210.1 1 mg/l 3 Sprague 5/7 
HCO3_ i 316.2 1 mg/l 3 Sprague 5/7 
CO3 2 210.1 1 mg/l 3 Sprague 5/7 
a 1 325.2 1 mg/l 3 Kidwell 5/7 
pH ys 210.1 -0O1 unit 3 Sprague 5/7 
Specific 1 120.1 .001 pumho/cm 3 Ryman 5/15 
TDS 1 160.1 4 ng/l 3 Swanson 5/7 
TSS 1 160.2 4 ng/l 3 Swanson 5/7 
NO3 as N 1 35361 -1 ng/l 2 Anshutz 5/10 
PO4 1 365.4. -1 mg/l 3 Anshutz 5/10 
S04 1 375.3 4 ng/l 3 Swanson 5/7 
$io2 1 200.7 -01 mg/l 1 Gilleland 5/16 
Ag 1 200.7 -01 mg/l 1 Gilleland 5/16 
As 1 206.2 .001 mg/l 1 Sprague 5/9 
Ba 4. 200.7 -01 mg/l 1 Gilleland 5/16 
Ca 1 200.7 .01 mg/l 1 Gilleland 5/16 
Cd iL 200.7 .005 mg/l 1 Gilleland 5/16 
cr 1 200.7 -01 mg/l 1 Gilleland 5/16 
Cu i 200.7 -01 mg/l 1 Gilleland 5/16 
F 1 340.2 -1 mg/l 3 Pottruff 5/8 
Fe 1 200.7 -01 mg/l 1 Gilleland 5/16 
Pb 1 200.7 -02 mg/l Z Gilleland 5/16 


Meeting The Analytical Challenges Of A Changing World 


BARRINGER LABORATORIES INC. 


15000 W. 6TH AVE . SUITE 300. GOLDEN. COLORADO 80401 PHONE (303) 277-1687 


22-May-91 
Don Pilmor 
ENERGY FUELS NUCLEAR Page: 8 
P.O. Box 36 Copy: 1 of 3 
Fredonia, AZ 86022 
Attn: Received: 3-May-91 10:06 
Project: Hermit Min PO #: 
Job: 9 Status: Final 

QUALITY CONTROL REPORT 

Mg 1 200.7 -0O1 mg/l 1. Gilleland 5/16 
Mn i 200.7 -01 ng/l 1 Gilleland 5/16 
Hg 1 270.2 .0002 mg/l 4 Gilleland 5/10 
K a 200.7 -5 mg/l 1 Gilleland 5/16 
Se 1 270.2 .001 mg/l 1 Sprague 5/10 
Na 1 200.7 -01 mg/l 1 Gilleland 5/16 
Zn 1 200.7 .005 mg/l i Gilleland 5/16 
Ra-226 4,7,14 SM-705 0.2 pCi/l 1 Seidel 5/16-5/21 
Th-230 11 --- 0.2 pCi/l 1 Ortiz 5/7-5/14 
U  4,9,10,14 ASTMD2907 0.3 mg/l 1 Meyer 5/16-5/17 


cc: Bill Almas, ENERGY FUELS NUCLEAR 
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2-May-91 
Larry Casebolt 
ENERGY FUELS NUCLEAR ~ . Page: 1 
P.O. Box 36 MY 1 QO Copy: i1of 3 
Fredonia, AZ 86022 Set : 1 
is aC eee 
Attn: Received: 5-Apr-91 09:07 
Project: Hermit Mine Water PO #: 
ob: 91654E Status: Final 
Sample Type: Water 
Alkalinity HCO3 co3 cl pH Specific 
as CaCc03 as CacCO3 as CaCc0O3 Conductance 
Sample mg/l mg/l mg/l mg/l unit umho/cm 
HERO94 154 154 <1 41 6.84 2440 
TDS NO3 as N PO4 S04 $i02 Ag 
Total 
Sample mg/l mg/l mg/l mg/l mg/l mg/l 
HERO94 3250 <0.1 <0.1 2290 12.6 <0.01 
As Ba Ca cd cr Cu 
Total Total Total Total Total Total 
Sample mg/l mg/l mg/l mg/l mg/l mg/l 
HERO94 0.002 0.01 513 <0.005 <0.01 <0.01 
F Fe Pb Mg Mn Hg 
Total Total Total Total Total 
Sample mg/l mg/l mg/l mg/l mg/l mg/l 
HERO94 1.6 6.41 <0.02 161 0.09 <0.0002 
K Se Na zn Gross Alpha Error 
Total Total Total Total Total 
Sample mg/l mg/l mg/l mg/l pci/l 20 
HERO94 20.7 <0.002 68.6 <0.005 71 +321 
Gross Beta Error Ra-226 Error Th-230 Error U 
Total Total Total Total 
Sample pei/sl 20 pci/l 20 pci/l 20 mg/l 
HERO94 27 +15 2.4 +0.5 0.0 +0.4 0.0027 
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Larry Casebolt 
ENERGY FUELS NUCLEAR Page: 2 
P.O. Box 36 Copy: 1of 3 
Fredonia, AZ 86022 Set : al 
Attn: Received: 5-Apr-91 09:07 
Project: Hermit Mine Water PO #: 
ob: 54E Status: Fina 

Abbreviations: 
Parameters: 

HCO3 : Bicarbonate 

CO3 : Carbonate 

cl : Chloride 

TDS : Total Dissolved Solids 

NO3 as N : Nitrate 

PO4 : Phosphate 

SO4 : Sulfate 

S$io02 : Silica 

Ag : Silver 

As : Arsenic 

Ba : Barium 

Ca : Calcium 

cd : Cadmium 

Cr : Chromium 

Cu : Copper 

F : Fluoride 

Fe : Iron 

Pb : Lead 

Mg : Magnesium 

Mn : Manganese 

Hg : Mercury 

K : Potassium 

Se : Selenium 

Na : Sodium 

zn : Zine 

Ra-226 : Radium-226 

Th-230 : Thorium-230 

U : Uranium 


BARRINGER LABORATORIES INC. 


15000 W. 6TH AVE., SUITE 300, GOLDEN. COLORADO 80401 PHONE (303) 277-1687 


2-May-91 
Larry Casebolt 
ENERGY FUELS NUCLEAR Page: 3 
P.O. Box 36 Copy: iof 3 
Fredonia, AZ 86022 Set : 1 
Attn: Received: 5-Apr-91 09:07 
Project: Hermit Mine Water PO #: 
ob: 91654 Status: Fina 
Units: 
mg/l : milligrams per liter 
umho/cm : micromhos per centimeter at 25C 
pci/l : picoCuries per liter 
20 : Counting error at the 95% confidence level, 20 
uality control: 
< : less than 


Signed 


=i: 


SN 


le Ryman / Ellen La Riviere 
Laboratory Managers 
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3-May-91 
Larry Casebolt 
ENERGY FUELS NUCLEAR Page: uy 
P.O. Box 36 Copy: 1o0f 3 
Fredonia, AZ 86022 Set : i. 
Attn: Received: 5-Apr-91 09:07 
Project: Hermit Mine Water PO #: 
Job: 91654E Status: Final 
QUALITY CONTROL REPORT 
Sample Type: Water 
Alkalinity HCO3 CO3 cl 
as Cac03 as CacO3 as Cac03 
Sample Id mg/l mg/l mg/l mg/l 
Duplicate 154 154 <1 41 
Duplicate 154 154 <1 4l 
Duplicate % diff. 0.0 0.0 0.0 0.0 
Std (actual value) <= --= -_-- 52.5 
Std (expected value) --- --- --- 50 
Std % diff. --- --- --- 5 
Blank --- --- --- === 
Spike Recovery % --- --- --- --- 
pH Specific TDS NO3 as N 
Conductance 
Sample Id unit umho/cm mg/l mg/l 
Duplicate 6.84 2443 3250 <0.1 
Duplicate 6.84 2467 3130 <0.1 
Duplicate % diff. 0.0 1.0 Le 0.0 
Std (actual value) --- --- 1420 1.95 
Std (expected value) --- --- 1479 1.98 
Std % diff. --- --- 3.9 i 
Blank na --= ied aa 
Spike Recovery % --- --- --- --- 
PO4 S04 $i02 Ag 
Total 
Sample Id mg/l mg/l mg/l mg/l 
Duplicate <0.1 2290 12.6 <0.01 
Duplicate <0.1 2380 127.6 <0.01 
Duplicate % diff. 0.0 1.9 0.0 0.0 
Std (actual value) 0.52 1054 1.14 0.97 
Std (expected value) 0.50 1000 1.19 0.97 
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BARRINGER LABORATORIES INC. 


15000 W. 6TH AVE., SUITE 300, GOLDEN, COLORADO 80401 PHONE (303) 277-1687 


3-May-91 

Larry Casebolt 

ENERGY FUELS NUCLEAR Page: 2 
P.O. Box 36 Copy: 1 of 3 
Fredonia, AZ 86022 Set : 1 
Attn: Received: 5-Apr-91 09:07 
Project: Hermit Mine Water PO #: 

: Status: Fina 


QUALITY CONTROL REPORT 


Sample Type: Water 


PO4 S04 $i02 Ag 
Total 
Sample Id mg/l mg/l mg/l mg/l 
Sta * diff. 4 5.4 4.2 0.0 
Blank --- --- = aia 
Spike Recovery % --- --- * 82 
As Ba Ca cd 
Total Total Total Total 
Sample Id mg/l mg/l mg/l mg/l 
Duplicate 0.002 0.01 513 <0.005 
Duplicate 0.002 0.01 516 <0.005 
Duplicate % diff. 0.0 0.0 0.2 0.0 
Std (actual value) 0.093 1.07 1.91 0.192 
Std (expected value) 0.100 1.02 2.00 0.207 
Std * diff. 7.0 5.0 4.5 7.2 
Blank --- --- --- --- 
Spike Recovery % --- 96 * 103 
cr Cu F Fe 
Total Total Total 
Sample Id mg/l mg/l mg/l mg/l 
Duplicate <0.01 <0.01 1.6 6.41 
Duplicate <0.01 <0.01 1.4 6.42 
Duplicate % diff. 0.0 0.0 0.0 Osi 
Std (actual value) 0.183 0.187 10.1 0.196 
Std (expected value) 0.200 0.200 10.1 0.200 
Sta 4 diff, 8.5 6.5 0.0 2.0 
Blank --- --- --- --- 
Spike Recovery % 97 96 100 * 
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Larry Casebolt 
ENERGY FUELS NUCLEAR 
P.O. Box 36 


Fredonia, AZ 86022 


3-May-91 


Page: 


Copy: 1 


Set 


of 


3 
1 


5-Apr-91 09:07 


Attn: Received: 
Project: Hermit Mine Water PO #: 
° Ben s: 
QUALITY CONTROL REPORT 
Sample Type: Water 
Pb Mg Mn Hg 
Total Total Total Total 
Sample Id mg/l mg/l mg/l mg/l 
Duplicate <0.02 161 0.09 <0.0002 
Duplicate <0.02 161 0.08 <0.0002 
Duplicate % diff. 0.0 0.0 5.9 0.0 
Std (actual value) 0.196 1.83 0.193 0.0050 
Std (expected value) 0.200 2.00 0.200 0.0050 
Std % diff. 2.0 8.5 365 0.0 
Blank --- --- --- --- 
Spike Recovery % 98 * 96 100 
K Se Na zn 
Total Total Total Total 
Sample Id mg/l mg/l mg/l mg/l 
Duplicate 20.7 <0.002 68.6 <0.005 
Duplicate 20.6 <0.002 68.1 <0.005 
Duplicate % diff. 0.2 0.0 0.4 0.0 
Std (actual value) 11.4 0.027 1.18 0.193 
Std (expected value) 10.6 0.025 1.12 0.200 
Std % diff. 7.5 8.0 5.4 345 
Blank --- aan ae --- 
Spike Recovery % 103 --- * 100 


Gross Alpha Error Gross Beta Error 


Total Total 
Sample Id pci/l 20 pci/l 20 
Duplicate 28 +15 20 +8 
Duplicate 25 +16 26 +9 
Duplicate % diff. 87 --- 13 --- 
Std (actual value) 186 +5 108 +2 
Std (expected value) 206 --- 106 --- 
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BARRINGER LABORATORIES INC. 


15000 W. 6TH AVE., SUITE 300, GOLDEN. COLORADO 80401 PHONE (303) 277-1687 


Larry Casebolt 
ENERGY FUELS NUCLEAR 
P.O. Box 36 
Fredonia, AZ 86022 


Copy: 
Set ;: 


5-Apr-91 09:07 


Attn: Received: 
Project: Hermit Mine Water PO #: 
: 654 Status: 


QUALITY CONTROL REPORT 
Sample Type: Water 


Gross Alpha Error Gross Beta Error 


Total Total 
Sample Id pci/l 20 peisi 20 
Std % diff. 9.7 --- 1.9 --- 
Blank 0.0 +0.2 0.0 +0.3 
Spike Recovery % --- --- --- --- 
Ra-226 Error Th-230 Error U 
Total Total Total 
Sample Id pci/l 20 pci/l 20 = sa 
Duplicate 2-4 £07 0.0 +0.6 0.438 
Duplicate 2.5 +0.8 0.0 +0.6 0.438 
Duplicate % diff. 6.7 --- 0.0 --- 0.0 
Std (actual value) 95 +2 104 +3 35 
Std (expected value) 101 --- 98 --- 34 
Sta 4% dirt. 5.9 --- 6.1 --- 2.9 
Blank 00 40.2 0.0 +0.2 <0.0003 


Spike Recovery % miatige — ewan ener 
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BARRINGER LABORATORIES INC. 


15000 W. 6TH AVE., SUITE 300, GOLDEN, COLORADO 80401 PHONE (303) 277-1687 


3-May-91 
Larry Casebolt 
ENERGY FUELS NUCLEAR Page: 5 
P.O. Box 36 Copy: 1of 3 
Fredonia, AZ 86022 Set : 1. 
Attn: Received: 5-Apr-91 09:07 
Project: Hermit Mine Water PO #: 

: 54 Status: Final 


QUALITY CONTROL REPORT 


Abbreviations: 

Parameters: 
HCO3 : Bicarbonate 
CO3 : Carbonate 
cl : Chloride 
TDS : Total Dissolved Solids 
NO3 as N : Nitrate 
PO4 : Phosphate 
S04 : Sulfate 
S$io2 : Silica 
Ag : Silver 
As : Arsenic 
Ba : Barium 
Ca : Calcium 
cd : Cadmium 
cr : Chromium 
Cu : Copper 
F : Fluoride 
Fe : Iron 
Pb : Lead 
Mg : Magnesium 
Mn : Manganese 
Hg : Mercury 
K : Potassium 
Se : Selenium 
Na : Sodium 
zn : Zinc 
Ra-226 : Radium-226 
Th-230 : Thorium-230 


Meeting The Analytical Challenges Of A Changing World 


BARRINGER LABORATORIES INC. 


15000 W. 6TH AVE., SUITE 300. GOLDEN. COLORADO 80401 PHONE (303) 277-1687 


3-May-91 
Larry Casebolt 
ENERGY FUELS NUCLEAR Page: 6 
P.O. Box 36 Copy: lof 3 
Fredonia, AZ 86022 Set : 1 
Attn: Received: 5-Apr-91 09:07 
Project: Hermit Mine Water PO #: 
ob: 5 Status: Final 
QUALITY CONTROL REPORT 

U : Uranium 
Units: 

mg/1 : milligrams per liter 

pmho/cm : micromhos per centimeter at 25C 

pci/l : picoCuries per liter 

20 : Counting error at the 95% confidence level, 20 


uality control: 


* Sample > 4 times spiked value. 


< less than 
Signed: Ay , yy) 
coe we WMes.. ofe e coeeoeeve eee ee ee 
Approve 


Quality Assurance Department 


Meeting The Analytical Challenges Of A Changing World 


Larry Casebolt 
ENERGY FUELS NUCLEAR 
P.O. Box 36 


Fredonia, AZ 86022 


Attn: Received: 5-Apr-91 09:07 
Project: Hermit Mine Water 

ob: 9 4 Status: Final 

QUALITY CONTROL REPORT 
QUALITY CONTROL DATA SHEET 

Received by: gr Via: UPS 

Sample Container Type: lg cu, L cu 

Sample Type: water 

Preservative When Received: 1. HNO3 H2S04 3. None 
Additional Lab Preparation: none 

Preser- Date(s) of 

Parameter Ref Method LLD vative Analyst Analysis 
Alkalinity 1 210.1 1 mg/l 3 Sprague 4/12 
HCO3 a8 210.1 1 mg/l 3 Sprague 4/12 
CO3 1 210.1 1 mg/l 3 Sprague 4/12 
cl i 325.2 1 mg/l 3 Anshutz 4/23 
PH 1 216,14 -O1 unit 3 Sprague 4/12 
Specific 1 120.1 .001 pmho/cm 3 Anshutz 4/29 
TDS 1 160.1 4 mg/l 3 Sprague 4/17 
NO3 as N 1 353.1 -1 mg/l 2 Anshutz 4/16 
PO4 1 365.1 -1 mg/l 3 Anshutz 4/9 
S04 1 375.3 4 mg/l 3 Sprague 4/17 
$io2 1 200.7 #.01 mg/l 1 Hidalgo 4/10 
Ag p 200.7 -01 mg/l | Hidalgo 4/10 
As 1 206.2 .001 mg/l 1 Gilleland 4/8 
Ba 1 200.7 01 mg/l 1 Hidalgo 4/10 
Ca 1 200.7 -01 mg/l i Hidalgo 4/10 
Cd 1 200.7 .005 mg/l 1 Hidalgo 4/10 
Cr 1 200.7 #.01 mg/l q Hidalgo 4/10 
Cu a 200.7 -01 mg/l s Hidalgo 4/10 
F 1 340.2 -1 mg/l 3 Sprague 4/10 
Fe 1 200.7. .01 mg/l 1 Hidalgo 4/10 
Pb 1 200.7 -02 mg/l 1 Hidalgo 4/10 
Mg 1 200.7 -01 mg/l 1 Hidalgo 4/10 


15000 W. 6TH AVE., SUITE 300, GOLDEN. COLORADO 80401 


BARRINGER LABORATORIES INC. 


PHONE (303) 277-1687 


Meeting The Analytical Challenges Of A Changing World 


3-May-91 


1 of 


Larry Casebolt 
ENERGY FUELS NUCLEAR 
P.O. Box 36 


Fredonia, AZ 86022 


Attn: 
Project: Hermit Mine Water 


QUALITY CONTROL REPORT 


Mn 1 200.7. 1.01 mg/l 
Hg 1 245.1 .0002 mg/l 
K 1 200.7 .5 mg/l 
Se 1 270.2 .001 mg/l 
Na i 200.7 -01 mg/l 
zn 1 200.7 .005 mg/l 
Gross Alph 4 900.0 1:0 pei/s1 
Gross Beta 4 900.0 2.0 pcisi 
Ra-226 4,7,14 SM-705 0.2 pCi/l 
Th-230 11 --- 0.2 pci/l 


U  4,9,10,14 ASTMD2907 0.3 mg/1 
cc: Bill Almas, ENERGY FUELS NUCLEAR 


ASTM D2907-97 


PRPRPRPRPRPRPPPPP 


Received: 


BARRINGER LABORATORIES INC. 


15000 W. 6TH AVE., SUITE 300, GOLDEN, COLORADO 80401 PHONE (303) 277-1687 


3-May-91 


Page: 8 
Copy: 1 of 3 


Status: 


Hidalgo 
Gilleland 
Hidalgo 
Gilleland 
Hidalgo 
Hidalgo 
Seidel 
Seidel 
Howard 
Ortiz 
Meyer 


5-Apr-91 09:07 


in 


4/10 
4/10 
4/10 
4/8 
4/10 
4/10 
4/11-4/18 
4/11-4/18 
4/21-4/26 
4/10-4/16 
4/29 


Standard Test Methods for Microquantities of Uranium in Water by Fluorometry (Withdrawn 2003) 


Scope 


1.1 These test methods are applicable to the determination of microquantities of uranium in water 


in the concentration range from 0.005 to 50 mg/L. 


hittps://www.astm.org/d2907-97.html 


Meeting The Analytical Challenges Of A Changing World 


15000 W. 6TH AVE., SUITE 300 


BARRINGER LABORATORIES INC. pone 9 (30s 2771687 


1-Feb-91 
Bill Almas a4 
ENERGY FUELS NUCLEAR R E C iL ; V |) Page: 1 
One Tabor Center eee Copy: 3 of 3 
1200 17th Street FEB -6 1991 Set : 1 
Suite 2500 
Denver, CO 80202 LANDMARK 
Attn: Received: 26-Oct-90 15:23 
Project: PO #: 
Job: 903500E Status: Final 
AMENDED REPORT 
Sample Type: Water 
Alkalinity Cco3 HCO3 cl PH Specific TDS 
as CacCO3 as CacO3 as CaC0O3 Conductance 
Sample mg/l mg/l mg/l mg/l _unit umho/cm mg/l 
HERO73 161 <1 161 40 7.38 3470 3380 
TSS NO3 as N P04 as P_ S04 $i02 As Ba 
‘ Total Total 
Sample _mg/l mg/l mg/l mg/l mg/l mg/l mg/l 
HERO73 <4 <0O.1 <0.1 1830 13.0 0.002 0.01 
Ca Cd cr Cu F Fe 
Total Total Total Total Total 
Sample mg/l mq/l mg/l mg/l mg/l mg/l 
HERO73 525 <0.005 <0.01 <0.01 1.5 9.47 


Meeting The Analytical Challenges Of A Changing World 
TAL A EL ST TS TPE Se EE A | 


15000 W. 6TH AVE., SUITE 300 


BARRINGER LABORATORIES INC. prone 1303) 27711687 


1-Feb-91 
Bill Almas 
ENERGY FUELS NUCLEAR Page: 2 
One Tabor Center Copy: 3 of 3 
1200 17th Street Set 3; ni 
Suite 2500 
Denver, CO 80202 
Attn: Received: 26-Oct-90 15:23 
Project: PO #: 
Job: 903500E Status: Final 
AMENDED REPORT 
Sample Type: Water 
Pb Mg Mn Hg K Ag 
Total Total Total Total Total Total 
Sample mg/l mg/l mg/l mg/l mg/l mg/l 
HERO73 <0.02 177 0.12 <0.0002 20.1 0.01 


Se Na zn Gross Alpha Error 
Total Total Total Total 
Sample mg/l mg/l mg/l pci/l 20% 
HERO73 <0.002 78.1 0.111 58 +26 


Meeting The Analytical Challenges Of A Changing World 
A Ra I IE a NSE ON BSS A BS EG SOC IED se EE A ca ES 


2 


15000 W. 6TH AVE., SUITE 300 


BARRINGER LABORATORIES INC. +wone 303) 2771687 


1-Feb-91 
Bill Almas 
ENERGY FUELS NUCLEAR Page: 3 
One Tabor Center Copy: 3 of 3 
1200 17th Street Set : 1 
Suite 2500 
Denver, CO 80202 
Attn: Received: 26-Oct-90 15:23 
Project: PO #: 
Job: 903500E Status: Final 


AMENDED REPORT 
Sample Type: Water 


Gross Beta Error Ra-226 Error Ra-228 Error Th-230 Error 
Total Total Total Total 


Sample pci/l 20% pci/l 20* pci/l 20% pci/l 20* 


HERO73 


48 +14 3.2 +0.6 1.5 +1.3 0.0 +0.5 


U 
Total 


Sample _mg/l 


HERO73 


0.0009 


ASTM D2907-97 
Standard Test Methods for Microquantities of Uranium in Water by Fluorometry (Withdrawn 2003) 


Scope 


1.1 These test methods are applicable to the determination of microquantities of uranium in 
water in the concentration range from 0.005 to 50 mg/L. 


hittps://www.astm.org/d2907-97.html 


Meeting The Analytical Challenges Of A Changing World 


mi meme eee 


Bill Almas 


ENERGY FUELS NUCLEAR 


One Tabor Center 
1200 17th Street 
Suite 2500 


Denver, CO 80202 


Attn: 
Project: 


Job: 903500E 


Abbreviations: 


Parameters: 


15000 W. 6TH AVE., SUITE 300 
GOLDEN, COLORADO 80401 


BARRINGER LABORATORIES INC. | tone: 


(303) 277-1687 
1-Feb-91 
Page: 4 
Copy: 3 of 3 
Set : AL 


Received: 26-Oct-90 15:23 


PO # 


Status: 
AMENDED REPORT 


Carbonate 
Bicarbonate 
Chloride 
Total Dissolved Solids 
Total Suspended Solids 
Nitrate 
Phosphate 
Sulfate 
Silica 
Arsenic 
Barium 
Calcium 
Cadmium 
Chromium 
Copper 
Fluoride 
Iron 

Lead 
Magnesium 
Manganese 
Mercury 
Potassium 
Silver 
Selenium 
Sodium 

Zinc 


Meeting The Analytical Challenges Of A Changing World 


Final 


me mH HHH mE EP EEOC eee le 


Bill Almas 


ENERGY FUELS NUCLEAR 


One Tabor Center 
1200 17th Street 
Suite 2500 

Denver, CO 80202 


Attn: 
Project: 


Job: 903500E 


Ra-226 : 
Ra-228 : 
Th-230 : 
U : 


Units: 


mg/l 3 
umho/cm : 
pci/l : 
20% 


Quality control: 


< : 
a : 


SM lowe. Lelie MP 


Radium-226 
Radium-228 
Thorium-230 


Amended Value 


BARRINGER LABORATORIES INC. 


PO 


AMENDED REPORT 


milligrams per liter 

micromhos per centimeter at 25C 

picoCuries per liter 

* Counting error at the 95% confidence level, 20 


Lethe 


Lyl@& Ryman / Ellen La Riviere 


Laboratory Managers 


15000 W. 6TH AVE., SUITE 300 
GOLDEN, COLORADO 80401 


PHONE: (303) 277-1687 
1-Feb-91 

Page: 5 

Copy: 3 of 3 

Set ; Ht 


Received: 26-Oct-90 15:23 


Status: Final 


Meeting The Analytical Challenges Of A Changing World 


. 


Bill Almas 


ENERGY FUELS NUCLEAR 


One Tabor Center 
1200 17th Street 
Suite 2500 


Denver, CO 80202 
Attn: 

Project: 

Job: 903500E 


Time Received: 


Sample Container Type: large cube, liter cube 


Sample Type: water 


15:23 


AMENDED REPORT 


QUALITY CONTROL DATA SHEET 


Date: 


Preservative When Received: 1. HNO3 2. H2S04 
Additional Lab Preparation: none 

Parameter Ref Method LLD Preservative 
As 1 206.2 0.001 mg/l 1. 
Hg 1 245.1 0.0002 mg/l 1 

Se 1 270.2 0.002 mg/l 1 

pH z 150.1 0.01 unit 3 

Cl 1 325.2 1 mg/l 3 
Alk a 210.1 1 mg/l 3 
Sp. Cond. 1 1201 0.001 mg/l 3 

F 1. 340.2 0.1 mg/l 3 

Ag 1 200.7 0.01 mg/l 1 

Ba 1 200.7 0.01 mg/l 1 

Ca 1 200.7 0.01 mg/l 1 

cd 1 200.7 0.005 mg/l 3 

cr 1 200.7 0.01 mg/l 1 

Cu 1 200.7 0.01 mg/l z 

Fe 1 200.7 0.01 mg/l 1 

Pb 1 200.7 0.02 mg/l ne 


PO 


10/26/90 


BARRINGER LABORATORIES INC. 


oth 
ee 


Via: 


15000 W. 6TH AVE., SUITE 300 
GOLDEN, COLORADO 80401 
PHONE: (303) 277-1687 


1-Feb-91 


Page: 6 
Copy: 3 of 3 


Received: 26-Oct-90 15:23 


Meeting The Analytical Challenges Of A Changing World 
ETRE ASR RE TY AL TT TESTI SOS ST EERIE OE ET SAS De Ne OS IR EL ES TE 


Status: Final 
Federal Express 
none 
Date(s) of 

Analyst Analysis 
Gilleland 11/19 
Anshutz 11/19 
Gilleland 11/21 
Hobbs 11/15 
Hobbs 10/31 
Hobbs 11/16 
Anshutz 11/19 
Anshutz 11/20 
Hidalgo 11/21 
Hidalgo 11723 
Hidalgo 11/231 
Hidalgo 11/21 
Hidalgo L1Lf Si 
Hidalgo Li f2i 
Hidalgo 11/21 
Hidalgo Lif 2 


i i 


15000 W. 6TH AVE., SUITE 300 


GOLDEN, COLORADO 80401 
BARRINGER LABORATORIES INC. PHONE: (303) 277-1687 
1-Feb-91 
Bill Almas 
ENERGY FUELS NUCLEAR Page: 7 
One Tabor Center Copy: 3 of 3 
1200 17th Street 
Suite 2500 
Denver, CO 80202 
Attn: Received: 26-Oct-90 15:23 
Project: PO #: 
Job: 903500E Status: Final 
AMENDED REPORT 
QUALITY CONTROL DATA SHEET (cont'd) 
Date(s) of 
Parameter Ref Method LLD Preservative Analysis Analysis 
Mg 1 200.7 0.01 mg/l i Hidalgo aa /21 
Mn 1 200.7 0.01 mg/l 1 Hidalgo 11/21 
K 1 200:.7 0.5 mg/l i Hidalgo 11/21 
Na 1 200.7 0.01 mg/l 1 Hidalgo 11/21 
zn 1 200.7 0.005 mg/l i Hidalgo 11/21 
Sio2 1 200.7 0.01 mg/l 1 Hidalgo 11/21 
PO4 1 365.1 0.1 mg/l 3 Hobbs 11/1 
NO3 1 353.1 0.1 mg/l 2 Hobbs 11/5 
S04 sf 375.3 4 mg/l 3 Joy 11/10 
TDS 1 160.1 4 mg/l 3 Joy 11/9 
TSS 1 160.2 4 mg/l 3 Joy 11/10 
Gr. Alpha 4 900.0 1.0 pei/l 1 Seidel 11/19-11/21 
Gr. Beta 4 900.0 27.0 pei7si 1 Seidel 11/19-11/21 
Ra-226 4,7,14 SM-705 0.2 pci/i a Howard 11715-11/19 
Ra-228 12,13,14 904.0 0.9 pci/l 1 Reyes 11/8-11/19 
Th-230 11 = 0.2 pCi/l 2 Ortiz 11/6-11/13 
U 4,9,10,14 ASTMD2907 0.3 wg/l 1 Tonning 11/12-11/14 
Gr. Alpha(a)4 900.0 1.0 peif7i 1 Kidwell 1/22-1/25 
Gr. Beta(a) 4 900.0 2.0 pci/l 1 Kidwell 1/22-1/25 


ASTM D2907-97 


Standard Test Methods for Microquantities of Uranium in Water by Fluorometry (Withdrawn 2003) 


Scope 


1.1 These test methods are applicable to the determination of microquantities of uranium in water 
in the concentration range from 0.005 to 50 mg/L. 


hitps://www.astm.org/d2907-97.html 


Meeting The Analytical Challenges Of A Changing World 


$000 W 6TS AVE 5L.7E 20 
GOLDEN COLORADC 3040° 


aS : PHONE 303: 277 °88? 
r 
BARRINGER LABORATORIES INC eee 
= SPARKS NEVADA 39431 
PMONE 702) 358-1'58 
24-Oct-90 
Bill Almas 
ENERGY FUELS NUCLEAR Page: 1 
One Tabor Center Copy: 2 of 3 
1200 17th Street Set ;: 1 
Suite 2500 
Denver, CO 80202 
Attn: Received: 7-Aug-90 12:51 
Project: Hermit Mine Well PO #: 
. 902938 Ss us: ina 
Sample Type: Water 
Ag As Ba Ca Cd 
Dissolved Dissolved Dissolved Dissolved Dissolved 
—eanple Td mg/l. mg/h wme/).. Lg). —g/) 
HERO69 7/31/90 <0.01 0.001 <0.01005 632 <0.005 
cr cu F Fe Pb 
Total Dissolved Dissolved Dissolved Dissolved 
—_Sample Id _mg/)_  _mg/l) _mg/) mg/l _ mg/l _ 
HERO69 7/31/90 <0.01 <0.01 15 1247 <0.02 
Mg Mn Hg K Se 
Dissolved Dissolved Dissolved Dissolved Dissolved 
__Sample Id _mg/)_ mg/l mg/l _ mg/l _ mg/l _ 
HERO69 7/31/90 211 0.17 <0.0002 22.7 0.002 
Na zn Alkalinity HCO3 co3 CL 
Dissolved Dissolved as CacO3 as CacO3 as Caco3 
—__Sample Id = __mg/]_ mg/l . mg/l) _ mg/l _ mg/l mg/l 
HERO69 7/31/90 82.6 <0.005 152 152 <O.1 39. 


pH Conductance TDS TSS NO3 as N P04 as P 


Sample Id unit umho/cm mq/)] mg/l mg/l mg/l 
HERO69 7/31/90 7.28 3261 3540 67 <0.1 0.2 


ADVANCED TECHNIQUES AND INSTRUMENTATION FOR THE EARTH SCIENTES 


Sunn S-aeisisceh eal afani ested eth saan aaa aie earn 


BARRINGER LABORATORIES INC 


Bill Almas 

ENERGY FUELS NUCLEAR 
One Tabor Center 
1200 17th Street 
Suite 2500 


Denver, CO 80202 


Attn: Received: 
Project: Hermit Mine Well PO #: 
90293 
Sample Type: Water 
S04 $io2 Gross Alpha Error 
Dissolved Dissolved 


Status: 


"$000 W §T™ ave 3U°°E 100 
GOLDEN. COLOR A00 3040" 
PHONE 303) 277 °587 


14585 OEMING WAY SUITE 'S§ 
SPARKS NEVADA 3943) 
PHONE 702) 388.1'S8 


24-Oct-90 


Page: 
Copy: 2 of 
Set : 


Pwr 


7-Aug-90 12:51 


ina 


Gross Beta Error 
Dissolved 


__Sample Id. _mg/l_ _omg/l  _ pci/l _™120*  __pcCi/l o20* 


HERO69 7/31/90 2250 14.3 1, 228 29 +15 
Gross Alpha Error Gross Beta Error Ra-226 Error 
Total Total Dissolved 
__Sample Id _§_— pei/) 20%  _ pei/) 20% _ pei/) 20% 
HERO69 7/31/90 14 +20 13 +13 3.1 +0.9 
Ra-226 Error Th-230 Error Th-230 Error U 
Total Dissolved Total Dissolved 
__Sample Ids _pci/l_ 290*  _ pci/) 20% | _pCi/}l 20* mg/l 
HERO69 7/31/90 5.2 t1.1 0.0 +0.4 0:9 £0.7 0.0009 
U 
Total 
Sa d ma/l 
HERO69 7/31/90 0.0042 


Bill Almas 

ENERGY FUELS NUCLEAR 
One Tabor Center 
1200 17th Street 
Suite 2500 


Denver, CO 80202 

Attn: 

Project: Hermit Mine Well PO #: 
H 9 38 

vi : 

Parameters: 
Ag : Silver 
As : Arsenic 
Ba : Barium 
Ca : Calcium 
Ca : Cadmium 
cr : Chromiun 
Cu > Copper 
F : Fluoride 
Fe : Iron 
Pb : Lead 
Mg : Magnesium 
Mn : Manganese 
Hg ; Mercury 
K : Potassium 
Se : Selenium 
Na : Sodiun 
Zn : Zine 
HCO3 : Bicarbonate 
CO3 : Carbonate 
cl : Chloride 
TDS : Total Dissolved Solids 
TSS : Total Suspended Solids 
NO3 as N : Nitrate 
P04 as P : Phosphate 
S04 : Sulfate 
$io2 : Silica 
Ra-226 : Radium-226 


Received: 


ADVANCED TECHNIQUES AND INSTQUMENTATION FOR THe FaAatn 


$000 W 8TH AVE 3u.7F 500 
GOLOEN. COLORACO 3040: 
PHONE 303) 277 '68? 


1458 OEMING WAY. SUITE 'S§ 
SPARKS. NEVADA 39431 


ONS 4-Oct-90 


Page: 3 
Copy: 2 of 3 
Set ; 1 


7-Aug-90 12:51 


S: na 


sc: 
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wm 
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BARRINGER LABORATORIES INC 


Bill Almas 


ENERGY FUELS NUCLEAR 


One Tabor Center 
1200 17th Street 


Suite 2500 
Denver, CO 


Attn: 


80202 


Project: Hermit Mine Well 


Signed: 


yy AR} 
ae ad ie LA 


eeee ee 


% 


Thorium-230 
Uranium 


PO #: 


milligrams per liter 


micromhos per centimeter at 25C 


picocuries per liter 
* Counting error at the 95% confidence level, 20 


less than 


Ellen La Riviere 
Radiochemistry Laboratory Manager 


ADVANCED TECHNIQUES ANS 


NSTRUMENTAT S 


Received: 


eeseseveeveee eer eee eevee ee 


at 


$000 W ST= ave 5, °F 100 
GOLOEN. COLORADO 4043" 
PHONE 303) 377 38° 
1458 DEMING NAY SUE 'S§ 
SPARKS NEVADA 3943) 


PHONE 


24-0ct-90 ” 


Page: 4 
Copy: 2 of 3 
Set ;: 1 


7-Aug-90 12:51 


Ss: Fina 


” | 
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Bill Almas 

ENERGY FUELS NUCLEAR 
One Tabor Center 
1200 17th Street 
Suite 2500 


Denver, CO 80202 
Attn: Received: 7-Aug-90 12:51 
Project: Hermit Mine Well PO #: 
Job: 902938E Status: Final 

QUALITY CONTROL DATA SHEET 
Time Received: 7/12/90 Date: Receiving By: UPS Via: 
Sample Container Type: large cube, liter cube 
Sample Type: water 
Preservative When Received: 1. HNO3 2. H2S04 3. none 4. NaOH/ZnoAC 
Additional Lab Preparation: none 

Date(s) of 

Parameter Ref Method LLD Preservative Analyst Analysis 
cl 1 325.2 1 mg/l 3 Hobbs 8/9 
Hg LX 245.1 0.0002 mg/l i. Anshutz 8/9 
pH 1 210.1 0.01 unit 3 Anshutz 8/13 
Sp. Cond. 1 12011 0.001 mg/l 3 Anshutz 8/17 
F 1 340.2 0.05 mg/l 3 Ryman 8/23 
Ba i 200.7 0.01 mg/l if Hidalgo 8/27 
cd 1 200.7 0.005 mg/l 3 Hidalgo 8/27 
Ca i 200.7 0.01 mg/l a Hidalgo 8/27 
cr 1 200.7 0.01 mg/l 1 Hidalgo 8/28 
Cu i 200.7 0.01 mg/l 1 Hidalgo 8/29 
Fe 1 200.7 0.01 mg/l 1 Hidalgo 8/29 
Pb 1 200.7 0.001 mg/l 1 Hidalgo 8/29 
Mg i 200.7 0.01 mg/l 1 Hidalgo 8/29 
Mn 1 200.7 0.01 mg/l 1 Hidalgo 8/29 
K 1 200.7 0.5 mg/l 1 Hidalgo 8/29 
Ag 1 200.7 0.01 mg/l i Hidalgo 8/29 
Na vl 200.7 0.01 mg/l 1 Hidalgo 8/29 


ADVANCED TECHNIQUES ANDO INSTRUMENTATION FOR THE EARTH SCIENCES 


®@ BARRINGER LABORATORIES INC 


18000 W 6TH AVE 3L.TE 200 
GOLOEN. COLORADO 3040! 
PHONE 303) 277 '687 


1485 CEMING WAY. SUITE 1§ 
SPARKS. NEVAOA 8943) 
PHONE (702) 388-1158 


24-Oct-90 


Page: 5 
Copy: 2 of 3 


PHONE 


13000 W. STM 
GOLOEN, COLORADO §=— 3040 


AVE 3U TE 300 


303: 277 68? 


NZ BARRINGER LABORATORIES INC oe 


SPARKS, NEVADA 89491 


PHONE: 
24-Oct-90 


702: 358-1158 


6 
2 of 3 
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Date(s) of 


Analysis 


8/29 
8/29 
8/29 
8/15 
8/30 
8/9 
8/9 
8/15 
8/22 
8/23 

8/13-8/16 

8/13-8/16 
8/24-8/28 
8/22-8/27 


Bill Almas 
ENERGY FUELS NUCLEAR Page: 
One Tabor Center Copy: 
1200 17th Street 
Suite 2500 
Denver, CO 80202 
Attn: Received: 7-Aug-90 12:51 
Project: Hermit Mine Well PO #: 

: 99 tus: 

CONTROL DATA SHEET (sont! 4d) 

Parameter Ref Method LLD Preservativ Analysis 
zn 1 200.7 0.005 mg/l i Hidalgo 
Se i 270.2 0.001 mg/l 1 Gilleland 
$io2 4. --- 0.01 mg/l i. Hidalgo 
As i 206.2 0.001 mg/l 1 Ryman 
Alk 1 210.1 1 mg/l 3 Anshutz 
NO3 1 353.1 0.1 mg/l 2 Hobbs 
TSS 1 160.2 4 mg/l 3 Anshutz 
PO4 1 365.1 0.1 mg/l 3 Hobbs 
S04 1 375.3 4 ng/l 3 Joy 
TDS 4 160.1 10 mg/l 3 Joy 
Gr. Alpha 4 900.0 1.0 pci/l 3 Seidel 
Gr. Beta 4 900.0 2.0 pci/i 3 Seidel 
Ra-226 4,7,14 SM-705 0.2 pei/si 3 Howard 
Th-230 11 iia 0.2 pci/l 3 Ortiz 
U 4,9,10,14 ASTMD2907 0.3 ug/l 3 Tonning 


ASTM D2907-97 


Standard Test Methods for Microquantities of Uranium in Water by Fluorometry (Withdrawn 2003) 


Scope 


8/28-8/31 


1.1 These test methods are applicable to the determination of microquantities of uranium in water in 
the concentration range from 0.005 to 50 mg/L. 


https://www.astm.org/d2907-97.html 


AOVANCED TECHNIQUES AND INSTRUMENTATION FOR THE EARTH SCIENCES 
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oa cy 


1$000 W 6T AVE SUITE 300 
GOLOEN. COLORADO 3040! 
PHONE 303) 277 °68? 


DeCBARRINGER LABORATORIES INC wins ve 


Bill Almas 

ENERGY FUELS NUCLEAR 
One Tabor Center 
1200 17th Street 
Suite 2500 


Denver, CO 80202 


SPARKS. NEVADA 39431 


tag 4 -oct 238 1188 


Page: 7 
Copy: 2 of 3 


Attn: Received: 7-Aug-90 12:51 
Project: Hermit Mine Well PO #: 
Job: 90293 atus: a 
DUPLICATES 
Sample Relative Deviation 
Identification Parameter Result Result % From Mean 
HERO69 7/31/90 cl 39.6 39.6 0 
"= e Hg <.0002 <.0002 0 
i " Sp. Cond. 3261 3261 0 
af tt F Le 1.5 0 
% " Ba -O1 -O1 0 
" " ca <.005 .008 (1) 
" Ca 632 616 Lad 
Li " cr <.01 <.01 0 
" Cu <.01 <.01 0 
" " Fe L267 a PR 4 2.0 
" " Pb <.02 <.02 0 
" " Mg 211 199 2.9 
ae " Mn -17 ms U4 0 
" e K 2207 210i. 2:8 
= * Ag <.01 <.01 0 
- " Na 82.6 76.7 367 
” " zn <.005 <.005 0 
” Se -002 <.002 (1) 
7 " $io2 14.3 13.9 1.4 
it " As 001 -001 0 
it sd Alk 150:..2 1533 1.0 
ir " NO3 Seok ae k 0 
af n TSS 68 66 LS 
" " PO4 -19 19 0 
" " $04 2260 2230 0.7 
is a TDS 3540 3540 0 


(1) sample < 5 times LLD 


AQNQNVANCED TEFHWNIHDUWESC AND 


nv 
vy 


INQ TRIJMEN TATION FEQR THE FEARTH SCIENS 


ca 


Fe 


nme HEH He Ee HEHE HF HEHE He eS Ee Se ea ee 


1$000 W 6TH AVE SUITE 300 
GOLDEN. COLORADO 8040! 
PHONE 303) 277 '68? 


BARRINGER LABORATORIES INC 


14858 DEMING WAY. SUITE 15 


cone NEVAOA 89431 
PHON (702) 358-1158 
‘24-0ct- 90 
Bill Almas ~~... 
ENERGY FUELS NUCLEAR Page: 8 
One Tabor Center Copy: 2 of 3 
1200 17th Street 
Suite 2500 
Denver, CO 80202 
Attn: Received: 7-Aug-90 12:51 
Project: Hermit Mine Well PO #: — oS 
: 9029 us: a 
QUALITY CONTROL STANDARDS 
Cert. Relative Deviation Spike % 
Parameter Result Result Target Range % From Known Recovery 
cl 52.9 $2.1 48.2 - 55.4 0.8 sam 
Hg -0086 -0080 -0060 = .0093 3.6 110 
F 1205 1.08 99 - 1.15 ia8 97 
Ba 1.02 1.00 -90 - 1.10 2.0 87 
cd -218 -200 -180 = .220 9.0 108 
Ca 2.04 2.00 1.80 = 2.20 2.0 (2) 
Cr. Cond. 193 -200 -180 = .220 3.5 90 
Cu 202 »200 -180 = .220 1.0 97 
Fe 6215 200 -180 = .220 7.5 (2) 
Pb wad -200 -180 = .220 5.5 84 
Mg 2.14 2.00 1.80 = 2.20 700 (2) 
Mn 212 -200 -180 = .220 6.0 92 
K 10.2 10.0 9.0 - 11.0 2.0 (2) 
Ag 99 1.00 -90 = 1.10 1.0 92 
Na 1.10 1.00 -90 = 1.10 10.0 (2) 
zn 199 200 -180 = .220 0.5 86 
Se 010 -009 006 - .012 Lisi --- 
$i02 pe 1.07 -96 - 1.18 5.0 (2) 
As 103 -100 080 = .118 1.5 100 
NO3 2.02 1.98 1.78 - 2.18 1.0 80 
PO4 <O -50 -46 - .54 1.0 “<< 
S04 1035.3 1000 900 = 1100 1.8 “<= 
TDS 1460 1479 1331 = 1627 ~65 --- 
Gr. Alpha 197 + 4 196 176 = 216 0.5 --= 
Gr. Beta 179 = 2 173 156 =- 190 3.8 <= 
Ra-226 97 t 2 102 91 - 111 4.0 --- 
Th-230 92 + 3 98 88 = 108 6.1 ae 
U 33 34 3h = 37 2.9 =n 


(2) sample > 4 oe ea value 


Approved by: Loa Awe 


ADVANCED TECHNIQUES AND INSTRUMENTATION FOR THE EARTH SCIENCES 


FE BRL ATA REBEL TEES ht i ek ET nen son Sa a al cS i RIO EE LAAT AARON ARE 


1$000 W. 6T™ aE 3. °F Sct 
GOLOEN 7O0LC#40C0 2080" 
PMONE 363 67° "587 


< BARRINGER LABORATORIES INC ewe we 


SPARKS NEVADA 3943) 
PHONE 7921 358 ''S8 


24-Oct-90 


Bill Almas 

ENERGY FUELS NUCLEAR Page: A 
One Tabor Center Copy: 2 of 3 
1200 17th Street Set : 1 
Suite 2500 

Denver, CO 80202 

Attn: Received: 18-May-90 15:35 
Project: PO #: = 

: 02490 us: Fina 


Sample Type: Water 


Ag As Ba Ca cd Cr 
Dissolved Dissolved Dissolved Dissolved Dissolved Total 
Sample _mg/]) = _mg/)_ _ mg/l) _mg/)  _omg/l __mg/) 
HERO64 <0.01 <0.001 0.01 610 0.007 <0.01 
Cu F Fe Pb Mg Mn 
Dissolved Dissolved Dissolved Dissolved Dissolved 
Sample _mg/] _mg/l_ _omg/)  .mg/) mg/l) _ mg/l _ 
HERO64 <0.01 1.4 13.2 <0.02 186 0.18 
Hg K Se Na zn Alkalinity 


Dissolved Dissolved Dissolved Dissolved Dissolved as Caco3 


Sample _mg/] mg/l) _mg/]) -mag/l _mg/)  _ mg/l _ 


HERO64 <0.0002 22.5 <0.001 82.6 <0.005 170 
HCO3 CcO3 cl PH - Specific TDS TSS 
as CacO3 as Caco3 Conductance 
Sample mg/l] mg/l mg/l _unit umho/cm mg/l mg/l 
HERO64 170 <1 41 8.06 3318 3320 93 
NO3 as N P04 as P S04 $io2 Gross Alpha Error 
Dissolved Dissolved 
Sample ma/] ma/l mg/l mg/l pci/l 20% 
HERO64 <0.1 0.3 1150 13.3 12 +14 


‘$000 W STH av€ 
GOLOEN 2OL98Aa50 


PHONE 


BARRINGER LABORATORIES INC. 86 DEMING wav 


SPARKS NEVADA 


PHONE 702! 388 
24-Oct-90 
Bill Almas 
ENERGY FUELS NUCLEAR Page: 2 
One Tabor Center Copy: 2 3 
1200 17th Street Set : 1 
Suite 2500 
Denver, CO 80202 
Attn: Received: 18-May-90 15:35 
Project: PO #: 
: 02490 tus: 


Sample Type: Water 


Gross Beta Error Gross Alpha Error Gross Beta Error 


Dissolved Total Total 
Sample _pCi/) 20% _ pcCi/)]) 20% _ pCi/) 20% _ 
HERO64 37 Fl2 44 +18 35 £12 

Ra-226 Error Ra-226 Error Th-230 Error Th-230 Error 

Dissolved Total Dissolved Total 
Sample __pcCi/] 20%  _pCi/l 20% _ pCi/l 20*  _pCi/l 20% _ 
HERO64 1.7 +0.5 2.0 +0.7 0.9 +0.6 1.0 +0.9 

U U 


Dissolved Total 
Sample _mg/]_ . _mg/]_ 


HERO64 0.001 0.008 


Standard 
Withdrawn, No replacement 


Last Updated: Mar 02, 2021 

ASTM D2907-97 

Standard Test Methods for Microquantities of Uranium in Water by Fluorometry (Withdrawn 2003) 
Scope 


1.1 These test methods are applicable to the determination of microquantities of uranium in water in 
the concentration range from 0.005 to 50 mg/L. 


1.2 The uranium fluorescence is quenched by many cations and some anions in the sample; it is 
enhanced by a few cations. If interfering ions are present, a direct fluorometric measurement is not 
suitable, and an extraction method must be used to provide accurate results. The test methods and 
their concentration ranges are as follows: 


Concentration Range, mg/L Sections Test Method A---Direct Fluorometric 0.005 to 2 7 to 15 Test 
Method B---Extraction 0.04 to 50 16 to 24 

1.3 This standard does not purport to address all of the safety concerns, if any, associated with its 
use. It is the responsibility of the user of this standard to establish appropriate safety and health 
practices and determine the applicability of regulatory limitations prior to use. For specific hazards, 
see Note 1. 


SADVANTED TECHNIQUES ANO INSTRUMENTATION FOR THE EARATA SCHENVCES 


Bill Almas 

ENERGY FUELS NUCLEAR 
One Tabor Center 
1200 17th Street 
Suite 2500 

Denver, CO 80202 


Attn: 

Project: PO #: 
: 490 

Vv ons: 

Parameters: 
Ag : Silver 
As : Arsenic 
Ba : Barium 
Ca : Calcium 
cd : Cadmium 
ex : Chromium 
Cu : Copper 
F : Fluoride 
Fe : Iron 
Pb : Lead 
Mg : Magnesium 
Mn : Manganese 
Hg : Mercury 
K : Potassium 
Se : Selenium 
Na : Sodium 
Zn : Zine 
HCO3 : Bicarbonate 
CO3 : Carbonate 
cl : Chloride 
TDS : Total Dissolved Solids 
TSS : Total Suspended Solids 
NO3 as N : Nitrate 
P04 as P : Phosphate 
S04 : Sulfate 
$io2 : Silica 
Ra-226 : Radium-226 


ADVANCED TECHNIQUES AND !NSTQUMENTATION FLA 


Received: 


1SO00 A $T= ave iL owe 
GOLDEN ¢O.o8#Aa950 acac' 
PHONE 303) 2°* °58” 
1455 DEMING NAY SUES 
SPARKS NEVAOA 2943) 
PHONE 702) 358.1°58 
24-Oct-96 
Page: 3 
Copy: 2 of 3 
Set : 1 


ina 


18-May-90 15:35 


Bill Almas 

ENERGY FUELS NUCLEAR 
One Tabor Center 
1200 17th Street 
Suite 2500 

Denver, CO 80202 


~ BARRINGER LABORATORIES INC 


1$000 W 8T4 avE Gu "EF 200 
GOLOEN COLOR a00 3cac" 


PMONE 303) 277 587 


1455 DEMING WAY SUL"E 'S 
SPARKS NEVADA 3943! 


PUONE 792) 388 1158 
24-Oct-90 


Page: 4 
Copy: 2 of 3 
Set :; 1 


Attn: Received: 18-May-90 15:35 
Project: PO #: 
ob: 02490 tatus: Fina 
Th-230 : Thorium-230 
U : Uranium 
Units: 
mg/l : milligrams per liter 
umho/cm : micromhos per centimeter at 25C 
pci/l : picoCuries per liter 
20% : * Counting error at the 95% confidence level, 20 
Quality control: 
< : less than 


Ellen La Riviere 
Radiochemistry Laboratory Manager 


9 BARRINGER LABORATORIES INC 


Bill Almas 

ENERGY FUELS NUCLEAR 
One Tabor Center 
1200 17th Street 


Suite 2500 
Denver, CO 80202 
Attn: 
Project: 

: 490 


Time Received: 3:35 


Sample Container Type: large cube, liter cube 


QUALITY CONTROL DATA SHEET 


Date: 


Sample Type: water 


Preservative When Received: 


1. 


5/18/90 


HNO3 2. 


Additional Lab Preparation: none 


Parameter Ref 


1 150.1 -O1 
1 325.2 i 
1 210.1 1 
nl 245.1 .0002 
ci 1201 -001 
pa 340.2 05 
1 200.7 01 
i. 200.7 01 
| 200.7 -O1 
sf 200.7 1 
1 200.7 -O1 
1 200.7 01 
i 200.7 Ol 
iL. 200.7 02 
i 200.7 O1 
5 200.7 O1 
a 200.7 5 
td 200.7 -O1 
1 200.7 »005 
| 206.2 001 
1 270.2 001 
1 200.7 -O1 


ADVANCED TECHNIQWES 42ND ENS 


Method LLD 


Preservative 


unit 
mg/l 
mg/l 
mg/l 
mg/l 
mg/1 
mg/l 
mg/l 
mg/l 
mg/l 
mg/l 
mg/l 
mg/l 
mg/l 
mg/l 
mg/l 
mg/l 
mg/l 
mg/l 
mg/l 
mg/1 
mg/1 


se te 


H2S04 


PRP RP PRP PRP RP PRP RPP PRP PW WP Www 


Received: 


1$000 HW ST AVE 3. 73 CC 
GOLDEN 
PHONE 


1485 OEMING Way SUITE * 
SPARKS NEVADA 


24-0ct-96 * 


PHONE 


Page: 
Copy: 


Status: 


By: Receiving 


None 4. 


Analyst 


Ryman 
Hobbs 
Ryman 


Gilleland 


Ryman 

Hatcher 
Hidalgo 
Hidalgo 
Hidalgo 
Hidalgo 
Hidalgo 
Hidalgo 
Hidalgo 
Hidalgo 
Hidalgo 
Hidalgo 
Hidalgo 
Hidalgo 
Hidalgo 


Gilleland 
Gilleland 


Hidalgo 


OLS RAD0 


394)! 


of 


18-May-90 15:35 


ina 


UPS 


Date(s) of 
Analysis 


5/22 
5/25 
5/22 
5/25 
5/31 
6/4 

6/14 
6/14 
6/14 
6/14 
6/14 
6/14 
6/14 
6/14 
6/14 
6/14 
6/14 
6/14 
6/14 
6/8 

6/11 
6/14 


osc 
303) 2°" "68° 


YCBARRINGER LABORATORIES INC. 


Bill Almas 

ENERGY FUELS NUCLEAR 
One Tabor Center 
1200 17th Street 
Suite 2500 
Denver, CO 80202 
Attn: 

Project: PO #: 


: 249 


Received: 1 


QUALITY CONTROL DATA SHEET (Cont'd) 


Parameter Ref Method LLD Preservative 

NO3 1 353.1 sl ug/l 2 

TDS 1 160.1 10 mg/l 3 

S04 1 375.3 4 mg/l 3 

PO4 1 365.1 .1 mg/l 3 

TSS 1 . 160.2 4 mg/l 3 

Gr. Alpha 4 900.0 1.0 pci/l 3 

Gr. Beta 4 900.0 2.0 pci/l 3 

Ra-226 4,7,14 SM=-705 0.2 pcei/l 3 

Th-230 11 --- 0.2 pci/l 3 

U 4,9,10,14 ASTMD2907 0.3 ug/l 3 

DUPLICATES 
Sample 

Identification Parameter Result Result 

HERO64 op 40.2 40.7 
s Alk 169.7 170.0 
" Hg <.0002 <.0002 
" Cond. 3318 3285 
Ls F 1.4 L.5 
" Ag <.01 <.01 
" Ba -O1 -O1 
bis Ca 610 595 
" cd -007 -007 
" cr <.01 <.01 
ie Cu <.01 <.01 
" Fe 13.2 12.9 
” Pb <.02 <.02 
" Mg 186 181 
" Mn -18 -18 
" K 22.5 22.4 
" Na 82.6 79.7 


ADVANCED TECHNIQUES ANDO 


tus: ina 
Date(s) of 
Analyst Analysis 
Hobbs $/31 
Hatcher 6/1 
Hatcher 6/1 
Hobbs 6/6 
Hatcher 6/15 
Seidel 6/5-6/13 
Seidel 6/5-6/13 
Kidwell 6/7-6/12 
Ortiz 5/31-6/8 
Tonning 6/12-6/15 
Relative Deviation 


'$000 W ST AVE 3. 7E 300 
GOLDEN COLORADO 3c4q" 
PHONE 303) 277 "587 


1458 OEMING WAY SUITE '§ 
SPARKS NEVADA 89431 


monte 4-Oct-96 


Page: 6 
Copy: 2 of 3 


8-May-90 15:35 


% From Mean 


INSTRUMENTATION FOR THE EARTH SCIENCES 


18000 W 6TH AVE SLITE 300 
& — GOLDEN. COLORADO 30401 
SN e PHONE 303) 277 1687 

»< BARRINGER LABORATORIES INC. a ti aonae 
SPARKS NEVADA 3943) 


eo 4-Oct-90 


Bill Almas The Spike samples for the Lab 

ENERGY FUELS NUCLEAR |Accuracy test, which these Page: 7 

One tenon Center results are copied from, were Copy: 2 of 3 

1200 17th Street ; i 

Suite 2500 sent to the Barringer with HER 

Denver, CO 80202 073 in October 1990 

Attn: Received: 18-May-90 15:35 

Project: PO #: —— ———————— 

H " ina 

DUPLICATES (Cont'd) 

Sample Relative Deviation 
Identification Parameter Result Result % From Mean 
HERO64 zn <.005 <.005 0 

W As <.001 <.001 0 

" Se <.001 <.001 0 

" $io2 13.3 13.0 2.3 

" NO3 <.1 Sei 0 

ne TDS 3324 3418 2.8 

" $04 1154 1163 8 

" PO4 3 3 0 

8 TSS 93 98 5.2 

QUALITY CONTROL STANDARDS 
Cert. Relative Deviation Spike % 

Parameter Result Result Target Range % From Known Recovery 
cl 52 52.1 48.2 - 55.4 2 --= 
Hg -006 -005 004 = .006 17 112 
Cond. 1413 14413 0 = fe) “<< 
F 1.0 1.0 -89 - 1.09 0 “= 
Ag 1.02 1.00 -90 - 1.10 2.0 93 
Ba 1.08 1.60 -90 - 1.10 8.0 89 
Ca 248 250 225 = 275 0.8 << 
Cd 216 -200 -180 = .220 8.0 99 
cr 209 ~200 ~180 = .220 4.5 102 
Cu ~197 -200 -180 = .220 1.5 88 
Fe -215 -200 -180 = .220 7.5 == 
Pb -219 ~200 -180 = .220 9.5 103 
Mg 230 250 225 = 275 8.0 == 
Mn 209 -200 -180 = .220 4.5 85 
K 9.5 10.0 9.0 = 11.0 5.0 ss 
Na 262 250 225 = 275 4.8 === 
zn -205 -200 2180 = .220 2.5 89 
As -095 -100 .080 - .118 5 —= 


ADVANCED TECHNIQUES AND INSTRUMENTATION FOR THE EARTH SCIENCES 


Bill Almas 

ENERGY FUELS NUCLEAR 
One Tabor Center 
1200 17th Street 
Suite 2500 


18000 W 6TH AVE SUITE 300 
GOLOEN, COLORADO 3040! 
PHONE 303) 277 °687 


1455 OEMING WAY SUITE '§ 

SPARKS NEVADA 3943) 

PHONE: (702) a 
9 


24-Oct=- 


Page: 8 
Copy: 2 of 3 


18-May-90 15:35 


Recovery 


Denver, CO 80202 
Attn: Received: 
Project: PO #: 
H 90249 us: 
QUALITY CONTROL STANDARDS (Cont'd) 
Cert. Relative Deviation Spike % 
Parameter Result Result Target Range % From Known 
Se 020 -025 017 - .028 22 
$i02 1.00 1.07 -96 - 1.18 7.0 
NO3 2.03 1.98 1.78 - 2.18 2.5 
TDS 1464 1479 1331 = 1627 1.0 
S04 1046 1000 900 = 1100 4.5 
PO4 ~54 -50 -46 - .54 Tad 
Gr. Alpha 190 + 4 196 176 = 216 3a1 
Gr. Beta 184 + 2 173 156 - 190 6.4 
Ra-226 109 + 3 101 92 = 11l1 1.8 
Th-230 96 + 3 98 88 = 108 2.0 
U 34 34 31 - 37 0 
LA 
Approved by: a) teethe 


The Spike samples for the Lab Accuracy test, 


which these results are copied from, were sent to 


the Barringer with HER 073 in October 1990 


ADVANCED TECHNIQUES AND INSTRUMENTATION FOR THE 


EARTH SCIENCES 


Bill Almas 

ENERGY FUELS NUCLEAR 
One Tabor Center 
1200 17th Street 
Suite 2500 
Denver, CO 80202 
Attn: 

Project: 


Job: 902181E 


Alkalinity As Ba 


as CaCcO3 


BARRINGER LABORATORIES INC. 


15000 W. 6TH AVE, SUITE 300 
GOLDEN, COLORADO 80401 
PHONE (303) 277-1687 


1455 DEMING WAY, SUITE 15 
SPARKS, NEVADA 89431 


PHONE (702) 358-1158 
17-May-90 
Page: 1 
Copy: 3 of 3 
Set : 1 


Received: 2-Apr-90 16:37 


Status: Final 


HCO3 Cd Ca 


Dissolved Dissolved as CacO3 Dissolved Dissolved 


Sample mg/l mg/l mg/l mg/l mg/l mg/l 


HERO61 149 0.003 0.03 


cl cr Specific Cu 


Total Conductance Dissolved 


mg/l mg/l umho/cm mg/l mg/l mg/l mg/l 


Sample 


HERO61 38 <0.01 3330 0. 


Mg Mn Hg 
Dissolved Dissolved Dissolved 
Sample 


HERO61 186 0.22 0.0003 


K Se $i02 


NO3 as N 


149 0.009 609 


F Fe Pb 
Dissolved Dissolved 


04 1.4 13.5 0.02 


pH P04 as P 


mg/l mg/l mg/l mg/l unit mg/l 


<0.1 


Ag Na TDS 


Dissolved Dissolved Dissolved Dissolved Dissolved 


Sample 


HERO61 24.2 <0.001 13.6 


TSS S04 zn 


Dissolved Dissolved 


mg/l mg/l mg/l pCi/L 20% pci/l 20% 


Sample 


HERO61 59 2290 0.028 


Gross Alpha Error Gross Beta Error Ra-226 


Total Total 


Sample 


HERO61 2k. 219 40 +11 


mg/l mg/l mg/l mg/l mg/l mg/l 


0.01 72.6 3430 


Gross Alpha Error Gross Beta Error 


Dissolved 
+18 21 +10 


Error 
Dissolved 


pci/l 20% pci/l 20% pci/l 20* 


33. t2 


ADVANCED TECHNIQUES AND INSTRUMENTATION FOR THE EARTH SCIENCES 


_. 


GOLDEN, COLORADO 80401 


BARRINGER LABORATORIES INC. 1495 OEMING WAY. SUITE 1s 


SPARKS, NEVADA 89431 
PHONE (702) 358-1158 
17-May-90 
Bill Almas 
ENERGY FUELS NUCLEAR Page: 2 
One Tabor Center Copy: 3 of 3 
1200 17th Street Set ; 1 
Suite 2500 
Denver, CO 80202 
Attn: Received: 2-Apr-90 16:37 
Project: PO #: 
Job: 902181E Status: Final 
Ra-226 Error Th-230 Error Th-230 Error U U 
Total Dissolved Total Dissolved Total 
Sample _pCi/l 20* pci/l 20% pci/l 20* mg/l mg/l 
HERO61 36 +2 0.0 £0.3 0.0 +0.4 0.0005 0.0036 
C03 
as CaCcO3 
Sample mg/l 
HERO61 <1 


ADVANCED TECHNIQUES AND INSTRUMENTATION FOR THE EARTH SCIENCES 


15000 W. 6TH AVE SUITE 30 


PHONE 303) 277 1687 


Bill Almas 


ENERGY FUELS NUCLEAR 


One Tabor Center 
1200 17th Street 
Suite 2500 


Denver, CO 80202 


Attn: 
Project: 


Job: 902181E 


Abbreviations: 


Parameters: 


As 
Ba 
HCO3 
Cd 
Ca 
cl 
Cr 
Cu 


Arsenic 
Barium 
Bicarbonate 
Cadmium 
Calcium 
Chloride 
Chromium 
Copper 
Fluoride 
Iron 

Lead 
Magnesium 
Manganese 
Mercury 
Nitrate 
Phosphate 
Potassium 
Selenium 
Silica 
Silver 
Sodium 
Total Dissolved Solids 
Total Suspended Solids 
Sulfate 
Zinc 
Radium-226 
Thorium-230 
Uranium 
Carbonate 


BARRINGER LABORATORIES INC. 


15000 W 6TH AVE SUITE 300 
GOLDEN, COLORADO 80401 
PHONE 303) 277.1687 


1455 DEMING WAY SUITE 15 
SPARKS, NEVADA 89431 
PHONE 702) 358-1158 


17-May-90 
Page: 3 
Copy: 3 of 3 
Set : 1 


Received: 2-Apr-90 16:37 


Status: 


Final 


ADVANCED TECHNIQUES AND INSTRUMENTATION FOR THE EARTH SCIENCES 


BARRINGER LABORATORIES INC. 68 Ses or, Gone 


17-May-90 
Bill Almas 
ENERGY FUELS NUCLEAR Page: 4 
One Tabor Center Copy: 3 of 3 
1200 17th Street Set : 1 
Suite 2500 
Denver, CO 80202 


Attn: Received: 2-Apr-90 16:37 
Project: PO #: 


Job: 902181E Status: Final 


Units: 


mg/1 milligrams per liter 


umho/cm : micromhos per centimeter at 25C 
pci/l : picoCuries per liter 
20* : * Counting error at the 95% confidence level, 20 
Quality control: 
< : less than 
Signed: + 
coeoeoeeo eee e@ oi glnB d's oer ee eee 
Gary Zito 


Laboratory Supervisor 


ADVANCED TECHNIQUES AND INSTRUMENTATION FOR THE EARTH SCIENCES 


15000 W. 6TH AVE. SUITE 300 
GOLDEN. COLORADO 30401 
PHONE 303) 277-1687 


SPARKS, NEVADA 89431 
PHONE (702) 358-1158 


15000 W 6TH AVE SUITE 300 
GOLDEN. COLORADO 80401 
PHONE 303) 277 1687 


BARRINGER LABORATORIES INC. 1S OEMING WAY, SUITE 15 


SPARKS. NEVADA 89431 
PHONE (702) 358-1158 


17-May-90 
Bill Almas 
ENERGY FUELS NUCLEAR Page: 5 
One Tabor Center Copy: 3 of 3 
1200 17th Street 
Suite 2500 
Denver, CO 80202 
Attn: Received: 2-Apr-90 16:37 
Project: PO #: 
Job: 902181E Status: Final 

QUALITY CONTROL DATA SHEET 

Time Received: 8:30 Date: 4/2/90 By: Receiving Via: UPS 


Sample Container Type: large cube, liter cube 

Sample Type: water 

Preservative When Receivied: 1. HNO3 2. H2S04 3. None 4. NaOH/ZnAc 
Additional Lab Preparation: none 


Date(s) of 

Parameter Ref Method LLD Preservative Analyst Analysis 
cl iL 325.2 1 mg/l 3 Hobbs 4/5 
NO3 1 363.1 .1 mg/l 2 Hobbs 4/4 
pH 1 150.1 -0O1 mg/l 3 Hatcher 4/4 
Alk 1 210.1 1 mg/l 3 Hatcher 4/6 
F 1 340.2 -05 mg/l 3 Ryman 4/6 
PO4 1 365.1 -1 mg/l 3 Hobbs 4/6 
Cond. 1 1201 -001 mg/l 3 Ryman 4/23 
As 1 206.2 .001 mg/l | Gilleland 4/23 
Hg al 245.1 .0002 mg/l 1 Swanson 4/23 
Se 1 270.2 .001 mg/l 2 Gilleland 4/24 
cl 1 200.7 1 mg/l 3 Hidalgo 4/30 
Ba c 200.7 -01 mg/l a Hidalgo 4/30 
Ca 1 200.7. .005 mg/l 1 Hidalgo 4/30 
Ca 1 200.7. +.01 mg/l 1 Hidalgo 4/30 
Cu 1 200.7 -01 mg/l 1 Hidalgo 4/30 
Fe 1 200.7 -01 mg/l 1 Hidalgo 4/30 
Pb 1 200.7 -02 mg/l 1 Hidalgo 4/30 
Mg 4. 200.7 -01 mg/l 1 Hidalgo 4/30 
Mn 1 200.7 -01 mg/l 1 Hidalgo 4/30 
K 1 200.7 -5 mg/l 1 Hidalgo 4/30 
Ag - 200.7. + .01 mg/l $ Hidalgo 4/30 
Na 1 200.7 -01 mg/l 1 Hidalgo 4/30 


ADVANCED TECHNIQUES AND INSTRUMENTATION FOR THE EARTH SCIENCES 


18000 W 6TH AVE SUITE 300 
GOLDEN, COLORADO 80401 
PHONE 303) 277 1687 


BARRINGER LABORATORIES INC. es oeOS war, aa 18 


SPARKS. NEVADA 89431 
PHONE (702) 358-1158 


17-May-90 
Bill Almas 
ENERGY FUELS NUCLEAR Page: 6 
One Tabor Center Copy: 3 of 3 
1200 17th Street 
Suite 2500 
Denver, CO 80202 
Attn: Received: 2-Apr-90 16:37 
Project: PO #: 
Job: 902181E Status: Final 
QUALITY CONTROL DATA SHEET (Cont'd) 
Date(s) of 
Parameter Ref Method LLD Preservative Analyst Analysis 
zn 1 200.7 .005 mg/l a Hidalgo 4/30 
TDS 1 160.1 10 mg/l 3 Hatcher 4/5 
TSS 1: 160.2 4 mg/l 3 Hatcher 4/4 
S04 1 37553 4 mg/l 3 Hatcher 4/6 
S$io2 | 200.7. + +.01 mg/l 1 Hidalgo 4/30 
Gr. Alpha 4 900.0 1.0 pCi/l 3 Kidwell 4/4-4/16 
Gr. Beta 4 900.0 2.0 pei/l 3 Kidwell 4/4-4/16 
Ra-226 4,7,14 SM-705 0.2 pCi/1l 3 Howard 5/7-5/9 
Th-230 11 --- 0.2 pci/l 3 Ortiz 4/3-4/5 
U 4,9,10,14 ASTMD2907 0.3 ug/l 3 Tonning 4/26-5/3 


ADVANCED TECHNIQUES AND INSTRUMENTATION FOR THE EARTH SCIENCES 


m 


15000 W. 6TH AVE., SUITE 300 
GOLDEN, COLORADO 80401 


PHONE: (303) 277-1687 
BARRINGER LABORATORIES INC. 1455 DEMING WAY, SUITE 15 
SPARKS, NEVADA 89431 
PHONE: (702) 358-1158 
When received? 8-Dec-89 
Larry Casebolt Sample Date 10/19/89? 
ENERGY FUELS NUCLEAR This is the “2nd Quarter Page: 1 
P.O. Box 36 Confirmation Sample” Copy: 3 of 3 
Fredonia, AZ 86022 Set : 1 
See septic tank sample from 10/2/89 
for R/M groundwater chemistry 
Authority: 
Project : Purchase order : 
Job: 891358E Status: Final 
Sample Type: Water 
HCO3 As Ba Cco3 cd Ca cl Cr 
as CacCO3 Total Total as CacO3 Total Total Total 
Sample mg/l mg/l mg/l mg/l mg/l mg/l mg/l mg/l 
HER 051 150 0.022 0.01 <1 <0.005 547 39 0.01 
Specific Cu F Fe Pb Mg Mn 
Conductance Total Total Total Total Total 
Sample umho/cm mg/l mg/l mg/l mg/l mg/l mg/l 
HER 051 3600 <0.01 1.43 4.71 <0.02 201 0.39 
Hg NO3 as N PO4 as P K Se $i02 Ag Na 
Total Total Total Total Total Total 
Sample mg/l mg/l mg/l mg/l mg/l mg/l mg/l mg/l 
HER 051 <0.0002 <0O.1 <0O.1 31.6 0.023 9.8 <0.01 102 
TDS S04 zn Gross Alpha Error Gross Beta Error 
Total Total Total 
Sample _mg/l mg/l mg/l pci/l 20% pci/l 20% 
HER 051 3220 2280 0.013 78 +21 54 +16 


Ra-226 Error Th-230 Error U 


Total Total Total 
Sample _pCi/l 20% pci/l 20* mg/l 
HER 051 0.8 +0.3 0.0 +0.4 0.0064 


ADVANCED TECHNIQUES AND INSTRUMENTATION FOR THE EARTH SCIENCES 


Larry Casebolt 


ENERGY FUELS NUCLEAR 


P.O. Box 36 


Fredonia, AZ 


Authority: 
Project : 


Job: 891358E 


Abbreviations: 


Analyses: 


HCO3 
As 
Ba 
CO3 
Cd 
Ca 


86022 


Purchase order 


Bicarbonate 
Arsenic 
Barium 
Carbonate 
Cadmium 
Calcium 
Chloride 
Chromium 
Copper 
Fluoride 
Iron 

Lead 
Magnesium 
Manganese 
Mercury 
Nitrate 
Phosphate 
Potassium 
Selenium 
Silica 
Silver 
Sodium 
Total Dissolved Solids 
Sulfate 
Zinc 
Radium-226 
Thorium-230 
Uranium 


BARRINGER LABORATORIES INC. 


15000 W. 6TH AVE., SUITE 300 
GOLDEN, COLORADO 80401 
PHONE: (303) 277-1687 


1455 DEMING WAY, SUITE 15 
SPARKS, NEVADA 89431 
PHONE: (702) 358-1158 


8-Dec-89 
Page: 2 
Copy: 3 of 3 
Set : 1 
Status: Final 


ADVANCED TECHNIQUES AND INSTRUMENTATION FOR THE EARTH SCIENCES 


Larry Casebolt 
ENERGY FUELS NUCLEAR 
P.O. Box 36 


Fredonia, AZ 86022 


BARRINGER LABORATORIES INC. 


15000 W. 6TH AVE., SUITE 300 
GOLDEN, COLORADO 80401 
PHONE: (303) 277-1687 


1455 DEMING WAY, SUITE 15 
SPARKS, NEVADA 89431 
PHONE: (702) 358-1158 


8-Dec-89 


Page: 3 
Copy: 3 of 3 
Set : 1. 


Status: Final 


Authority: 
Project : Purchase order : 
Job: 891358E 
Units: 
mg/l milligrams per liter 
pmho/cm micromhos per centimeter at 25C 
pci/l picoCuries per liter 
20% 


* Counting error at the 95% confidence level, 20 


Quality control: 


< : less than 
a, gi pe 
eee ce Me ff 
; ; r j 
Signed: Fame Oe Ae 


David Lasher 
Laboratory Supervisor 


ADVANCED TECHNIQUES AND INSTRUMENTATION FOR THE EARTH SCIENCES 


Larry Casebolt 
ENERGY FUELS NUCLEAR 
P.O. Box 36 


Fredonia, AZ 


Authority: 


Project 


Job: 


Time Received: 


Sample Container Type: small cube, 


86022 


891358E 


QUALITY CONTROL DATA SHEET 


Date 


Sample Type: water 


Preservative When Received: 
Additional Lab Preparation: 


Parameter 


HCO3 

As 

Ba 

Cd 

Ca 

cl 

cr 
Sp.Cond. 
Cu 


Ref Method 


210.1 
206.2 
200.7 
200.7 
200.7 
325.2 
200.7 
120.1 
200.7 
340.2 
200.7 
200.7 
200.7 
200.7 
245.1 
353.1 
365.1 
200.7 
270.2 
200.7 
200.7 
200.7 


PRP RPP PRP PPP RPRPRPRPRPPHPP PEP PPpLE 


: 10/20/89 


LLD 


1 
0.001 
0.01 
0.005 
0.01 
i: 
0.01 
0.001 
0.01 
0.05 


Lies 
none 


Purchase order 


HNO3 


mg/l 
mg/l 
mg/l 
mg/l 
mg/l 
mg/l 
mg/l 
umho/cm 
mg/1 
mg/l 
mg/l 
mg/l 
mg/l 
mg/l 
mg/1 
mg/1 
mg/l 
mg/l 
mg/l 
mg/l 
mg/l 
mg/1 


BARRINGER LABORATORIES INC. 


By: T.Moncrief 


2.H2S04 


Preservative 


PRE RPP WNP RPRPRPPWPWPWUPPPPW 


3.none 


158000 W. 6TH AVE., SUITE 300 
GOLDEN, COLORADO 80401 


PHONE: (303) 277-1687 
1455 DEMING WAY, SUITE 15 
SPARKS, NEVADA 89431 
PHONE: (702) 358-1158 
8-Dec-89 
Page: 4 


Copy: 3 of 3 


Status: Final 


Via: Hand Deliv. 


large cube, glass bottle 


4.NaOH/Zn acetate 
Date(s) of 

Analyst Analysis 
Swanson 11/8 
Gilleland 10/31 
Hidalgo 11/14 
Hidalgo 11/14 
Hidalgo 11/14 
Hobbs 10/25 
Hidalgo 11/14 
Hencmann 10/30 
Hidalgo 11/14 
Acree 10/31 
Hidalgo 11/14 
Hidalgo 11/14 
Hidalgo 11/14 
Hidalgo 11/14 
Swanson 10/26 
Hobbs 10/24 
Hobbs 11/9 
Hidalgo 11/14 
Swanson 11/6 
Hidalgo 11/14 
Hidalgo 11/14 
Hidalgo 11/14 


ADVANCED TECHNIQUES AND INSTRUMENTATION FOR THE EARTH SCIENCES 


Larry Casebolt 
ENERGY FUELS NUCLEAR 
P.O. Box 36 
Fredonia, AZ 86022 


Authority: 

Project : 

Job: 891358E 

TDS 1 160.1 
S04 ul 3753 

Zn i. 200.7 O. 
Gr.Alpha 4 900.0 
Gr.Beta 4 900.0 
Ra-226 4,7,14 SM 705 
Th-230 11 === 

U 4,9,10,14 ASTM D2907 


BARRINGER LABORATORIES INC. 


15000 W. 6TH AVE., SUITE 300 
GOLDEN, COLORADO 80401 
PHONE: (303) 277-1687 


1455 DEMING WAY, SUITE 15 
SPARKS, NEVADA 89431 
PHONE: (702) 358-1158 


8-Dec-89 


Page: 5 
Copy: 3 of 3 


Purchase order : 


mg/l 
mg/l 
mg/1 
pci/l 
pci/l 
pci/l 
pci/l 
ug/l 


WWWWWr WW 


Status: 


Acree 
Acree 
Hidalgo 
Seidel 
Seidel 
Howard 
Jackson, Ortiz 
Krizman 


Final 


10/26 

10/25 

11/14 
11/27-12/5 
11/27-12/5 
11/13-11/16 
11/15-11/22 
10/25-10/27 


ADVANCED TECHNIQUES AND INSTRUMENTATION FOR THE EARTH SCIENCES 


15000 W. 6TH AVE., SUITE 300 
GOLDEN, COLORADO 80401 


PHONE: (303) 277-1687 
BARRINGER LABORATORIES INC. 1455 DEMING WAY, SUITE 15 
SPARKS, NEVADA 89431 
PHONE: (702) 358-1158 
8-Dec-89 

Larry Casebolt 

ENERGY FUELS NUCLEAR Page: 6 

P.O. Box 36 Copy: 3 of 3 

Fredonia, AZ 86022 

Authority: 

Project : Purchase order : 

Job: 891358E Status: Final 

DUPLICATES 
Sample Relative Deviation 

Identification Parameter Result Result % From Mean 

HER 051 HCO3 150.2 149.2 0.6 

HER 051 As -020 ~O21 5 

HER 051 Ba -01 -O1 0.0 

HER 051 cd <.005 <.005 0.0 

HER 051 cl 39 39 0.0 

HER 051 cr O1 -O1 0.0 

HER 051 Sp.Cond. 3601 3601 0.0 

HER 051 Cu <.01 <.01 0.0 

HER 051 F 1.43 1.46 Zoek 

HER 051 Fe 471 4.82 2.3 

HER 051 Pb <.02 <.02 0.0 

HER 051 . Mg 201 206 2.5 

HER 051 Mn ~39 -39 0.0 

HER 051 Hg <.0002 <.0002 0.0 

HER 051 NO3 <.1 <.1 0.0 

HER 051 PO4 <.1 <8 0.0 

HER 051 K 31.6 32.1 1.5 

HER 051 Se -026 -026 0.0 

HER 051 $i02 9.8 10.0 2 

HER 051 Ag <.0O1 <.01 0.0 

HER 051 Na 102 104 2.0 

HER 051 zn -013 2015 —< 

HER 051 U -0064 -0063 0.8 


ADVANCED TECHNIQUES AND INSTRUMENTATION FOR THE EARTH SCIENCES 


BARRINGER LABORATORIES INC. 


7 nn 


Larry Casebolt 
ENERGY FUELS NUCLEAR 
P.O. Box 36 
Fredonia, AZ 86022 


Authority: 
Project : 


Job: 891358E 


QUALITY CONTROL STANDARDS 


Relative Deviation 
% From Known 


Cert. 
Parameter Result Result 
As -100 -100 
Ba 1.03 -97 
Cd L93 -200 
Ca 2.04 2.00 
Cl. 24.7 26.05 
Cr 697 -200 
Sp.Cond. 1413 1413 
Cu 214 -200 
F «50 «50 
Fe «213 -200 
Pb s217 -200 
Mg 2.19 2.00 
Mn -204 -200 
Hg" .005 .005 
NO3 2503 1.98 
PO4 -51 -50 
K 10.2 10.0 
Se -025 -025 
$i02 1.05 1.07 
Ag .92 .99 
Na ~94 -86 
TDS 1390 1479 
S04 1033 1000 
zn -199 -200 
Gr.Alpha 177 + 4 198 
Gr.Beta 163 + 2 179 
Ra-226 104 + 3 101 
Th-230 103° = 3 99 
U 36 34 


Approved by: 


ADVANCED TECHNIQUES AND INSTRUMENTATION FOR THE EARTH SCIENCES 


Purchase order 


Target Range 


158000 W. 6TH AVE., SUITE 300 
GOLDEN, COLORADO 80401 
PHONE: (303) 277-1687 


1455 DEMING WAY, SUITE 15 
SPARKS, NEVADA 89431 
PHONE: (702) 358-1158 


8-Dec-89 


SCOOUNOOUUNMNOOONWOUDO 


= 

UIPWWDOOWADINONNNONWWAHOIORPUNWHO 
* e+ e# e# @® @ @ e 

WOODOUNDUNNOS 


+ 
of 3 


Final 


Spike % 


Recovery 


102 
102 


\ 


» 


BARRINGER LABORATORIES INC. 


Energy Fuels 

P.O. Box 36 

Fredonia, AZ 86022 

ATTN: L. Casebolt 

Client No. Log No. 


Sample Type: water 


Date Collected: 6/29/89 


RESULTS OF 
As Ba 
Sample Total Total 
Identification mg/1 mg/1 
HERO44 004 02 
Hg 
Sample Total NO, as N 
Identification mg/1 mg/1 
HERO44 <.0002 a 


Gross Alpha 


(Total) 
Sample pCi/liter 
Identification +Precision* 
HERO44 28 + 21 


633 


Date Received: 7/7/89 


ANALYSIS 

Cd Cu 

Total Total 

mg/1 mg/1 

-006 02 
Se 
Total 
mg/1 
020 


Gross Beta 
(Total) 

pci/liter 

+Precision* 


40 + 1l 


18000 W. 6TH AVE., SUITE 300 
GOLDEN, COLORADO 80401 
PHONE: (303) 277-1687 


1455 DEMING WAY, SUITE 15 
SPARKS, NEVADA 89431 
PHONE: (702) 358-1158 


Client PO No. 


Date 


Reported: 8/3/89 


Fe Pb Mn 
Total Total Total 
mg/1 mg/1 mg/1 
12.0 <.02 v2 
Ag zn 
Total Total 
mg/1 mg/1 
<.01 077 
Uranium 
(Total) 
mg/liter 
0.0035 


* Variability of the radioactive disintegration process 
(counting error) at the 95% confidence level, 20 


Approved by  —_ =e 
ADVANCED TECHNIQUES AND INSTRUMENTATION FOR THE EARTH SCIENCES 
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Barringer Laboratories 
15000 W. 6th Avenue 


Suite 300 


Golden, CO 80401 
(303) 277-1687 


Energy Fuels 

P.O. Box 36 
Fredonia, AZ 86022 
ATTN: Larry Casebolt 
LGN: 633 


QUALITY CONTROL DATA SHEET 


Time Received: 9:00 Date: 7/7/89 By: Gina Reichert 


Sample Container Type: large cube, small cube 
Sample Type: water 


Preservative When Received: 1. HNO, 2 H,SO,, 3. None 4. NaOH 


Additional Lab Preparation: None 


Approved by Ao Sh 


Via: UPS 


Date(s) of 
Analysis 


7/19/89 
7/19/89 
7/20/89 
7/20/89 
7/20/89 
7/20/89 
7/20/89 
7/20/89 
7/20/89 
7/20/89 
7/20/89 
7/20/89 
7/19-7/31/89 
7/26-7/29/89 


Relative Deviation 


Parameter Reference Method LLD Preservative Analyst 
Arsenic 1 206.2 1 ug/l 1 G. Gilliland 
Selenium 1 270.2 1 ug/1 1 G. Gilleland 
Nitrate 1 853 od 0.1 mg/1 2 D. Hobbs 
Mercury 1 245.1 0.2 ug/1 1 M. Swanson 
Barium 1 200.7 10 ug/1 1 D. Hidalgo 
Cadmium 1 200.7 5 ug/l 1 D. Hidalgo 
Copper 1 200.7 10 ug/1 1 D. Hidlago 
Iron 1 200.7 10 ug/1 1 D. Hidalgo 
Lead 1 200.7 2 ug/l 1 D. Hidalgo 
Manganese 1 200.7 1 ug/l 1 D. Hidalgo 
Silver 1 200.7 10 ug/1 1 D. Hidalgo 
Zinc 1 200.7 5 ug/l 1 D. Hidalgo 
Alpha-Beta 4 £,.0,;2.0 pet/l 3 M. Kidwell 
Uranium 4,14 0.3 ug/1 3 B. Tonning 
DUPLICATES 

Sample 
Identification Parameter Result Result 
HERO44 Arsenic .004 .005 
HERO44 Selenium 019 .019 
HERO44 Nitrate «3 3 
HERO44 Mercury <.0002 <.0002 
HERO44 Barium .02 -02 


From Mean 


* 


‘ 


Energy Fuels 
P.O. Box 36 


Fredonia, AZ 86022 


ATTN: Larry Casebolt 


LGN: 633 


Sample 


Identification 


HERO44 
HERO44 
HERO44 
HERO44 
HERO44 
HERO44 
HERO44 
HERO44 
HERO44 


Parameter 


Arsenic 
Selenium 
Nitrate 
Mercury 
Barium 
Cadmium 
Copper 
Iron 
Lead 
Manganese 
Silver 
Zinc 


Gross Alpha 


Gross Beta 
Uranium 


Approved by Parhash Cony 


mene Gee 


QUALITY CONTROL DATA SHEET (cont'd) 


Parameter 


Cadmium 
Copper 
Iron 

Lead 
Manganese 
Silver 
Zinc 


Gross Alpha 


Gross Beta 


QUALITY CONTROL 


Certified 
Result 


-062 
-009 
1.98 
-005 
97 


Re 


DUPLICATES (cont'd) 


sult 


Target Range 


- .073 
- .012 
- 2.18 
- .006 
- 1.07 
- .220 
- .220 
- «220 
- .220 
- 220 
- 1.09 
- .220 
- 218 
- 197 
- 36 


STANDARDS 


Result 


Barringer Laboratories 
15000 W. 6th Avenue 


Suite 300 


Golden, CO 80401 
(303) 277-1687 


Relative Deviation 
From Mean 


Relative Deviation 
From Known 


g 


Oo 
oO 


MN NN NM NN NN NNN NN ND 


NONUOFWOWUOUONDKYF OL OC 


ONFUOUUUNDOOOW SO 


0% 
82% 
-0% 
-0% 
«0% 
9% 
-0% 
7% 


Spike Z% 


Recovery 


100 


pg. 2 of 2 


Larry Casebolt 


ENERGY FUELS NUCLEAR 


P.O. Box 36 
Fredonia, AZ 


Attn: 
Project: 


Job: 901940E 


86022 


Gross Alpha 


Dissolved 


Sample pci/l 


HER-044 
Th-230 
Dissolved 
Sample pci/l 
HER-044 0.0 


1 


BARRINGER LABORATORIES INC. 


15000 W. 6TH AVE., SUITE 300 
GOLDEN, COLORADO 80401 
PHONE: (303) 277-1687 


1455 DEMING 
SPARKS, NEVADA 
PHONE: 


WAY, SUITE 15 
89431 
(702) 358-1158 


16-Feb-90 
Page: 1 
Copy: iof 3 
Set : 1 
Received: 8-Feb-90 
Purchase order : 
Status: Final 
ADDITIONAL ANALYSIS 
Sample Type: Water 
Error Gross Beta Error Ra-226 Error 
Dissolved Dissolved 
20% pci/l 20% pci/l 20* 
+18 40 +11 0.8 +0.3 
Error U 
Dissolved 
20* mg/l 
+0.3 0.0018 


ADVANCED TECHNIQUES AND INSTRUMENTATION FOR THE EARTH SCIENCES 


BARRINGER LABORATORIES INC. 


15000 W. 6TH AVE., SUITE 300 
GOLDEN, COLORADO 80401 
PHONE: (303) 277-1687 


1455 DEMING WAY, SUITE 15 
SPARKS, NEVADA 89431 


PHONE: (702) 358-1158 
16-Feb-90 
Larry Casebolt 
ENERGY FUELS NUCLEAR Page: 2 
P.O. Box 36 Copy: 1 of 3 
Fredonia, AZ 86022 Set : 1 
Attn: Received: 8-Feb-90 
Project: Purchase order : 
Job: 901940E Status: Final 
ADDITIONAL ANALYSIS 

Abbreviations: 
Analyses: 

Ra-226 : Radium-226 

Th-230 : Thorium-230 

U : Uranium 
Abbreviations: 
Units: 

pci/l : picoCuries per liter 

20% : * Counting error at the 95% confidence level, 20 

mg/l : milligrams per liter 

Se. ~ 
NY iss >) te 

Signed: —*—~ iat iat: 28 ie Ora 


David Lash 


oeoeoeeeeoe eee eee eee ee ee eee ee eee 


er 


Laboratory Supervisor 


ADVANCED TECHNIQUES AND INSTRUMENTATION FOR THE EARTH SCIENCES 


15000 W. 6TH AVE., SUITE 300 
GOLDEN, COLORADO 80401 
PHONE: (303) 277-1687 


BARRINGER LABORATORIES INC. 1455 DEMING WAY, SUITE 15 


SPARKS, NEVADA 89431 
PHONE: (702) 358-1158 
16-Feb-90 
Larry Casebolt 
ENERGY FUELS NUCLEAR Page: 3 
P.O. Box 36 Copy: 1of 3 
Fredonia, AZ 86022 
Attn: Received: 8-Feb-90 
Project: Purchase order : 
Job: 901940E Status: Final 
ADDITIONAL ANALYSIS 
QUALITY CONTROL DATA SHEET 
Time Received: Date: 2/8/90 By: G. Reichert Via: In House 
Sample Container Type: 
Sample Type: water 
Preservative When Received: none 
Additional Lab Preparation: none 
Date(s) of 
Parameter Ref Method LLD Preservative Analyst Analysis 
Gr. Alpha 4 900.0 1.0 pei/7i none Kidwell 2/7-2/12 
Gr. Beta 4 900.0 2.0 pCi/si none Kidwell 2/7-2/12 
Ra-226 4,7,14 SM-705 0.2 pci/l none Howard 2/9-2/13 
Th-230 i he J --- 0.2 pci/l none Ortiz 2/8-2/12 
U 4,9,10,14 ASTMD2907 0.3 ug/l none Krizman 2/8-2/9 
DUPLICATES 
Sample Relative Deviation 
Identification Parameter Result Result % From Mean 
HER-044 U 0.0017 0.0018 2.9 


ASTM D2907-97 
Standard Test Methods for Microquantities of Uranium in Water by Fluorometry (Withdrawn 2003) 
Scope 


1.1 These test methods are applicable to the determination of microquantities of uranium in water 
in the concentration range from 0.005 to 50 mg/L. 


ADVANCED TECHNIQUES AND INSTRUMENTATION FOR THE EARTH SCIENCES 


15000 W. 6TH AVE,, SUITE 300 
GOLDEN, COLORADO 80401 
PHONE: (303) 277-1687 


BARRINGER LABORATORIES INC. 1455 DEMING WAY, SUITE 15 


SPARKS, NEVADA 89431 


PHONE: (702) 358-1158 
16-Feb-90 
Larry Casebolt 
ENERGY FUELS NUCLEAR Page: 4 
P.O. Box 36 Copy: 1of 3 
Fredonia, AZ 86022 
Attn: Received: 8-Feb-90 
Project: Purchase order : 
Job: 901940E Status: Final 
ADDITIONAL ANALYSIS 
These results are from 
UALITY CONTROL STANDARDS the Lab Accuracy Test 
Cert Relative Deviation 
Parameter Result Result Target Range % From Known 
Gr. Alpha is7 £ 5 198 178 - 218 0.5 
Gr. Beta 182 + 2 L73 156 - 190 5.2 
Ra-226 114 + 3 104 94 - 114 9.6 
Th-230 a3 23 99 89 - 109 6.1 
U 34 34 32 - 36 0 
— 


<<, & ome A ail 
Approved by: © aan a 


cc: Bill Almas, ENERGY FUELS NUCLEAR 


ADVANCED TECHNIQUES AND INSTRUMENTATION FOR THE EARTH SCIENCES 


BARRINGER LABORATORIES INC. 


1§000 W. 6TH AVE., SUITE 300 
GOLDEN, COLORADO 80401 
PHONE (303) 277 1687 


1455 DEMING WAY, SUITE 15 


INVOICE PONE oaNerine 
Larry Casebolt Date : 22-Feb-90 
ENERGY FUELS NUCLEAR 
P.O. Box 36 Job : 901940E 
Fredonia, AZ 86022 
Invoice: 8194E 
Authority: PO #: 
Project: Terms: Net 30 Days 
Sample Type: Water 
Analyses: 
1 Gross Alpha-Beta/Dissolved 18.00 S 18,60 
1 Ra-226/Dissolved 30.00 $ 30.00 
1 Th-230/Dissolved 29.00 $ 29.00 
1 U/Dissolved 15.00 $ 15.00 
TOTAL DUE: $ 92.00 


Remit to: Barringer Laboratories 
; 15000 W. 6th Ave. 


Suite 300 


Golden, CO 80401 


--- Original --- 


ADVANCED TECHNIQUES AND INSTRUMENTATION FOR THE EARTH SCIENCES 


15000 W. 6TH AVE., SUITE 300 
GOLDEN, COLORADO 80401 
PHONE (303) 277.1687 


BARRINGER LABORATORIES INC. 1455 DEMING WAY, SUITE 15 
SPARKS, NEVADA 89431 
PHONE: (702) 358-1158 
HER 044 is from 6/29/89 99-Jan-90 
Bill Almas 
ENERGY FUELS CORPORATION Page: 1 
One Tabor Center Copy: 1of 2 
1200-17th St. Set : 1. 
Suite 2500 
Denver, CO 80202 
Authority: 
Project : Purchase order : 
Job: 663E Status: Final 
ADDITIONAL ANALYSES 
Sample Type: Water 
HCO3 CO3 Ca el cr Specific F 
as CacCO3 as CaCO3 Total Total Conductance 
Sample mg/l mg/l mg/l mg/l mg/l umho/cm mg/l 
HER 044 91.8 <1 549 43 <0.01 3230 Le 1 
Mg pH PO4 as P K S$io2 Na TDS S04 
Total Total Total Total 
Sample _mg/l unit mg/l mg/l mg/l mg/l mg/l mg/l 
HER 044 176 7.82 0.1 27.2 p hr oe 80.5 3350 2220 
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BARRINGER LABORATORIES INC. 


Bill Almas 


ENERGY FUELS CORPORATION 


One Tabor Center 


1200-17th St. 
Suite 2500 


Denver, CO 80202 
Authority: 
Project 

Job: 633E 


Abbreviations: 


Analyses: 


HCO3 

CO3 

Ca 

cl 

cr 

F 

Mg 

P04 as P 


Purchase order 


ADDITIONAL ANALYSES 


Bicarbonate 
Carbonate 
Calcium 
Chloride 
Chromium 
Fluoride 
Magnesium 
Phosphate 
Potassium 
Silica 
Sodium 
Total Dissolved Solids 
Sulfate 


milligrams per liter 
micromhos per centimeter @ 25C 


less than 


Signed: H Be 


Gary Zito 


Laboratory Supervisor 


15000 W. 6TH AVE., SUITE 300 
GOLDEN, COLORADO 
PHONE 


(303) 277-1687 


SPARKS, NEVADA 


PHONE: 


Page: 
Copy: 
Set : 


Status: 


1 of 


Final 


ADVANCED TECHNIQUES AND INSTRUMENTATION FOR THE EARTH SCIENCES 


1455 DEMING WAY, SUITE 15 
89431 
(702) 358-1158 


9-Jan-90 


2 
2 
1 


BARRINGER LABORATORIES INC. 


15000 W. 6TH AVE. SUITE 300 
GOLDEN, COLORADO 80401 
PHONE (303) 277-1687 


1455 DEMING WAY. SUITE 15 
SPARKS, NEVADA 89431 
PHONE: (702) 358-1158 


9-Jan-90 
Bill Almas 
ENERGY FUELS CORPORATION Page: 3 
One Tabor Center Copy: 1o0f 2 
1200-17th St. 
Suite 2500 
Denver, CO 80202 
Authority: 
Project : Purchase order : 
Job: 633E Status: Final 

ADDITIONAL ANALYSES 
QUALITY CONTROL DATA SHEET 
Time Received: Date: 12/15/89 By: T.Moncrief Via: 
Sample Container Type: 
Sample Type: water 
Preservative When Received: 1.HNO3 2.none 
Additional Lab Preparation: none 
Date(s) of 

Parameter Ref Method LLD Preservative Analyst Analysis 
PO4 1 365.1 0.1 mg/l 2 Hobbs 12/18 
ot i 225.2 1 mg/l 2 Hobbs 12/18 
Sp.Cond. 1 1201 0.001 mg/l 2 Hencmann 12/18 
pH 1 150.1 0.01 unit 2 Acree 12/18 
HCO3/CO3 1. 210.1 1 mg/l 2 Acree 12/18 
S04 1 375.3 5 mg/l 2 Acree 12/18 
Ca 1 200.7 0.01 mg/l if Hidalgo 12/18 
cr 1 200.7 0.01 mg/l 1 Hidalgo 12/18 
K 1 200.7 0.5 mg/l 1 Hidalgo 12/18 
Mg i 200.7 0.01 mg/l x Hidalgo 12/18 
Na i. 200.7 0.01 mg/l 1 Hidalgo 12/18 
sio2 1 200.7 0.01 mg/l 1 Hidalgo 12/18 
F 1 340.2 0.05 mg/l 2 Acree 12/18 
TDS 1 160.1 10 mg/l 2 Acree 12/19 
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15000 W. 6TH AVE., SUITE 300 
GOLDEN, COLORADO 80401 
PHONE: (303) 277-1687 


BARRINGER LABORATORIES INC. Ms DEMING WAY, SUITE 15 


SPARKS, NEVADA 89431 


PHONE: (702) 358-1158 
9-Jan-90 
Bill Almas 
ENERGY FUELS CORPORATION Page: 4 
One Tabor Center Copy: 1o0f 2 
1200-17th St. 
Suite 2500 
Denver, CO 80202 
Authority: 
Project : Purchase order 
Job: 633E Status: Final 
ADDITIONAL ANALYSES 
DUPLICATES 
Sample Relative Deviation 
Identification Parameter Result Result % From Mean 
HER 044 PO4 eil3 23 0.0 
HER 044 cl 42.8 42.8 0.0 
HER 044 Sp.Cond. 3231.9 3231.9 0.0 
HER 044 pH 7.82 7.82 0.0 
HER 044 HCO3 91.8 91.8 0.0 
HER 044 S04 2217 2355 6.0 
HER 044 Ca 549 540 1.6 
HER 044 cr <.01 «O12 ==> 
HER 044 K 27.2 27.4 0.7 
HER 044 Ng 176 TZ 203 
HER 044 Na 80.5 79.0 1.9 
HER 044 $io2 Ls dt 10.9 1.8 
HER 044 F 1.08 Lede 3.6 


ADVANCED TECHNIOQUFS AND INSTRUMENTATION FOR THE EARTH SCIENCES 


Bill Almas 


ENERGY FUELS CORPORATION 


One Tabor Center 


1200-17th St. 


Suite 2500 
Denver, CO 80202 
Authority: 
Project : 

Job: 633E 


Parameter Result 


PO4 -49 


cl 
Sp.Cond. 
S04 

Ca 


cr -213 


K 
Mg 
Na 


Approved by: 


Cert. 
Result 


-50 


26.05 


1413 
1000 
2.00 
-200 
10.0 
2.00 
- 86 

1.07 
-50 

1479 


ews 


Purchase order 


- 46 
24.1 


900 
1.80 
-180 

9.0 
1.80 

- 76 

-96 

45 
1331 


BARRINGER LABORATORIES INC. 


ADDITIONAL ANALYSES 


QUALITY CONTROL STANDARDS 


Target Range 


54 


= 22 ed 


1100 
2.20 
-220 
11.0 
2.20 
-96 

1.18 
~55 

1627 


ArNODODOOUDOrFPONO 


ONWRONAANOON 


15000 W. 6TH AVE. SUITE 300 
GOLDEN, COLORADO 80401 
PHONE (303) 277-1687 


1455 DEMING WAY, SUITE 15 
SPARKS, NEVADA 89431 
PHONE: (702) 358-1158 


9-Jan-90 

Page: 5 

Copy: 1 <0f 2 
Final 


Relative Deviation Spike % 
% From Known Recovery 
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BARRINGER LABORATORIES INC. 


Energy Fuels Nuclear, Inc. 


P.O. Box 36 
Fredonia, AZ 86022 


ATTN: Larry Casebolt 
Client No. 
Sample Type: water 


Date Collected: 5/31/89 


Sample 
Identification 


HERO4 1 


Sample 
Identification 


HERO4 1 


Sample 


Identification 


HERO41 


Log No. 344 


Date Received: 6/2/89 


RESULTS OF ANALYSIS 


15000 W. 6TH AVE., SUITE 300 
GOLDEN, COLORADO 80401 
PHONE: (303) 277-1687 


1455 DEMING WAY, SUITE 15 
SPARKS, NEVADA 89431 
PHONE: (702) 358-1158 


Client PO No. 


Date Reported: 7/21/89 


Alkalinity HCO cO., 
as Caco, as Cato as CaCO 
mg/1 mg/1 mg/1 
159 159 <l 
Cd . Ca Cr 
Total Total GA, Total 
mg/1 mg/1 mg/1 mg/1 
-005 546 39.6 Ol 
Fe Pb Mg 
F Total Total Total 
mg/1 mg/1 mg/1 mg/1 
1.26 9.85 <.02 187 


Approved by “Bobet 
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As Ba 
Total Total 
mg/1 mg/1 
.006 <0 
Cu 
Conductance Total 
umhos/cm ng/1 
3200 -02 
Mn Hg 
Total Total NO, as N 
mg/1 mg/1 ing/1 
.17 -0002 Geil 
pg. 1 of 2 


Energy Fuels, Inc. 
P.O. Box 36 


Fredonia, AZ 86022 


ATTN: Larry Casebolt 


LGN: 344 
K 
Sample pH PO, as P Total 
Identification units mg/1 mg/1 
HERO41 153 <a | 25.4 
Sample TDS TSS SO 
Identification mg/1 mg/1 meld 
HERO4 1 3470 88 2360 015 
Gross Alpha Gross Beta 
(Total) (Total) 
Sample pCi/liter pCi/liter 
Identification +Precision* +Precision* 
HERO41 140+ 20 39 + 11 
eed 


Barringer Laboratories 
15000 W. 6th Avenue 
Suite 300 

Golden, CO 80401 
(303) 277-1687 


Se Ag Na 
Total SiO Total Total 
mg/1 mg/t mg/1 mg/1 
-018 12.2.4 <.01 82.0 
Ra-226 
(Total) 
) pCi/liter 
mg/1 +Precision* 
<2 Lect & 0.4 
Th-230 
(Total) Uranium 
pCi/liter (Total) 
+Precision* mg/liter 
0.0: 0.5 0.0029 


* Variability of the radioactive disintegration process 
(counting error) at the 95% confidence level, 20 


Approved by ~». be 
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Energy Fuels 
P.O. Box 36 
Fredonia, AZ 


86022 


ATTN: Larry Casebolt 


LGN: 344 


Time Received: 9:30 


Sample Container Type: large cube, small cube 


Sample Type: water 


Date: 6/2/89 


Preservative When Received: 


Additional Lab Preparation: 


Parameter 


Nitrate 
Chloride 
Phosphate 
Mercury 
Barium 
Cadmium 
Calcium 
Chromium 
Copper 
Iron 

Lead 
Magnesium 
Manganese 
Potassium 
Silica 
Selenium 
Conductance 
Alkalinity 
Arsenic 
pH 
Fluoride 
Silver 
Sodium 
Zinc 

TSS 

TDS 
Sulfate 


Reference 


Pe ee ee ee ee ee ee ee ee ee ee eee ee oe 


. HNO, 2s H,SO 
None 

Method LLD 
353.1 0.1 mg/1 
325.2 0.2 mg/l 
3605's 1: 0.01 mg/1 
245.1 0.2 ug/l 
200.7 10 ug/1 
200.7 5 ug/l 
200.7 10 ug/1 
200.7 10 ug/1 
200.7 10 ug/1 
200.7 10 ug/1 
200.7 2 ug/1 
200.7 10 ug/1 
200.7 1 ug/1 
200.7 10 ug/l 
200.7 10 ug/1 
270.2 1 ug/1 
120.1 0.1 umhos/cm 
210.1 0.5 mg/1 
206.2 1 ug/1 
150.1 0.01 units 
340.2 0.1 mg/1 
200.7 10 ug/1 
200.7 10 ug/1 
200.7 5 ug/1 
160.2 4 mg/l 
160.1 10 mg/1 
375.3 0.1 mg/1 


Approved by hb a : 


QUALITY CONTROL DATA SHEET 


3. None 


Preservative 


WWW RR WD WR WD WD FF OO 


Barringer Laboratories 
15000 W. 6th Avenue 


Suite 300 


Golden, CO 80401 
(303) 277-1687 


By: Gina Reichert Via: 


4. NaOH 


Analyst 


. Hobbs 

. Hobbs 

Hobbs 

Swanson 
Hidalgo 
Hidalgo 
Hidalgo 
. Hidalgo 
Hidalgo 
. Hidalgo 
Hidalgo 
Hidalgo 
Hidalgo 
Hidalgo 
Hidalgo 


Ovo v CVV VV VYUEVVY 


- Gilleland 


A. Knudson 
M. Swanson 


. Gilleland 


Knudson 
Knudson 
Hidalgo 
Hidalgo 
Hidalgo 
Knudson 
Knudson 
Knudson 


PRRODURD 


P&g- 


Fed. Express 


Date(s) of 


Analysis 


6/6/89 

6/7/89 

6/12/89 
6/15/89 
6/19/89 
6/19/89 
6/19/89 
6/19/89 
6/19/89 
6/19/89 
6/19/89 
6/19/89 
6/19/89 
6/19/89 
6/19/89 
6/23/89 
6/26/89 
6/26/89 
6/27/89 
6/28/89 
6/29/89 
6/19/89 
6/19/89 
6/19/89 
6/26/89 
6/26/89 
6/26/89 
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15000 W, 6TH AVE., SUITE 300 
GOLDEN, COLORADO 80401 
PHONE: (303) 277-1687 


BARRINGER LABORATORIES INC. 1455 DEMING WAY, SUITE 18 


SPARKS, NEVADA 89431 
PHONE: (702) 358-1158 


Engery Fuels Nuclear, Inc. 
-O. Box 36 
Book Hwy 89A 
Fredonia, AZ 86022 


| Sa : Larry Casebolt 


| an No. Log No. 9382 Client PO No. 


Sample Type: water 


ate Collected: 12/21-27/88 Date Received: 1/9/89 Date Reported: 1/30/89 


i RESULTS OF ANALYSIS 


Alkalinity HCO3 C03 
Sample as CacO3 as Cac0O3 as CacoO3 NH4 as N 
Identification ng/l mg/l ng/l mg/l 
HRO32 157 157 <1 el 


Sample Total Total B Total Total Cl 
Identification mg/l mq/l mq/l mq/l mq/l nq/l 


§ As Ba Cd Ca 


HRO3S2 (wew - 006 -04 -16 €.005 533 40.1 


Approved by eke pg. 1 of 4 
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nergy Fuels 
EE. Box 36 

outh Hwy 89A 
Fredonia, AZ 86022 


TTN: Larry Casebolt 


re 9382 
Cr 
Sample Total 
dentification mq/l 


| »O1 
i Pb 
Sample Total 
Identification mg/l 
| <.02 


pproved by MSde 


Conductance 
umho/cm 


3440 


177 


Barringer Laboratories 


15000 W. 6th Avenue 
Suite 300. 

Golden, CO 80401 
(303) 277-1687 


Cu Fe 
Total F Total 
mg/l mg/l mg/l 
04 1.41 7.33 
Mn Hg Mo 
Total Total Total 
mg/l mq/l mg/l 
-10 <.0002 O01 
pg. 2 of 4 


Energy Fuels 

P.O. Box 36 

South Hwy 89A 

Fredonia, AZ 86022 
Barr: Larry Casebolt 


LGN: 9382 


PO4 

Sample NO3 as N Total 

Identification ng/l ng/l 

Birose <1.0 <.1 

l 

Sample Sid? Total 
Identification : ag/l mg/l 
a 12.6 <.01 


Approved by 


73.6 


Barringer Laboratories 
15000 W. 6th Avenue 
Suite 300. 

Golden, CO 80401 
(303) 277-1687 


21.6 .012 
TDS Tss S04 
mg/) mg/l mg/l 
3430 ) 2220 
pg. 3 of 4 


Barringer Laboratories 
15000 W. 6th Avenue 
Suite 300. 

Golden, CO 80401 
(303) 277-1687 


Box 36 
South Hwy 894A 
Fredonia, Az 86022 


ATTN: Larry Casebolt 


LGN: 9382 


Bessy Fuels 


Gross Alpha Gross Beta 
2n (Total) (Total) 
[ Sample SsOg ? Total pCi/liter pCi/liter 
Identification mq/i nq/i +Precision* +Precision* 
HRO32 <S 136 i2 +18 30 + 10 
Ra-226 Th-230 
(Total) (Total) Uranium 
Sample pCi/liter pCi/liter (Total) 
Identification +Precision* +Precision* mg/liter 
HRO32 2.1 + 0.5 0.6 + 0.6 0.0024 


* Variability of the radioactive disintegration process 
(counting error) at the 95% confidence level, 2g 
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Energy Fuels Nclear, Inc. 
P.O. Box 36 

Fredonia, AZ 86022 

ATTN: Larry Casebolt 
Client No. 

Sample Type: water 

Date Collected: 


Sample 
Identification 


HRO25 (Hermit Mine) 


Sample 
Identification 
HRO2S (Hermit Mine) 


Sample 
Identification 
HRO25 (Hermit Mine) 


BARRINGER LABORATORIES INC. 


326453641 a1 


16000 W. 6TH AVE. SUITE 300 
GOLOEN, COLORADO 0040! 
PHONE: {903 277.1687 


1488 DEMING WAY, SUITE 15 
SPARKS, NEVADA 


60431 
PHONE: (702) 386-1168 


Log No. 8851 Client PO No. 


Date Received; 9/29/88 Date Reported: 11/15/88 


RESULTS OF ANALYSIS 


Alkalinity Co As 
as Cac; as Calo, as CACO, «= NH, as N Total 
mg/1 mg/L ma/1 mq/1 mq/1 
157 187 ral 0.1 0.020 
Ba B Cd Ca Cr 
Total Total Total Total Cl Total 
mg/1 mg/l mg/1 mg/l —mg/2 mq/ 1 
0.04 0,38 0.005 494 42.3 0.23 
Cu Fe Pb Mg 
Conductance Total F Total Total Total 
—ymhofan mg/L mg/L mg/L mg/L mg/h 
3340 0.02 1,32 6.21 0.02 169 


NOU-28-'38 ia:7 


Energy Fuels 

P.O. Box 36 
Fredonia, AZ 86022 
ATIN: Larry Casebolt 


LGN: 8851 


le 


Samp. 
Identification 


HRO25 (Hermit Mine) 


Sample 
Identification 


HRO25 (Hermit Mine) 


le 


Samp 
Identification 


HRO25 (Hermit Mine) 


ID: ENERGYFUELS FREDONIA 


19,4 


mg/l 


14 


Brwowwwrott ks MW ‘we i 


0.037 


2080 


TEL NC 


0.05 


“O264S2E4} to SS 


Barringer Laboratories 
15000 Ww. 6th Avenue 
Suite 300 


Golden, CO 80401 
(303) 277-1687 


NO, as N pH PO, as P 
ng/1 units mg/1 
0.1 7,20 .1 

Ag Na 

Total § Total TDS 

mq/1 mg/1 mg/1 

0.02 69,5 3430 

Sulfite 
Total 
mg/1 
<2 


NOV-28-'88 12: 


Energy Fuels 
P.O. Box 36 
Fredonia, AZ 86022 


“-~  TD:ENERGYFUELS FREDONIA 


ATTN: Larry Casebolt 


LGN; 8851 


Sample 
Identification 


HRO25 (Hermit Mine) 


Sample 
Identification 


HRO2S (Hermit Mine) 


Gross Alpha? 
(Total) 
pci/liter 
+Precision* 


76 + 25 


Th-230 
(Total) 
pci/liter 
+Precision* 


0.4 + 0.4 


TEL NO ‘6026453641 #iS5 P10 


Barringer Laboratories 
15000 W., 6th Avenue 
Suite 300 

Golden, CO 80401 
(303) 277-1687 


Gross Beta? Ra~226 
(Total) {Total) 
pci/liter pci/liter 
+Precision* +Precision* 

38 +11 0.4 + 0.2 
Uranium 
(Total) 
- Ing/ liter 
0.0022 


Variability of the radioactive disintegration process 
(counting error) at the 95% confidence level, 26 


Gross alpha & gross beta results are based on Thorium-230 
and Strontium-90 calibration standards respectively. 


Annmroved rw oe _ ol. 


ee 


1X00 WwW OETH AVE. SUITE 300 
GOLOEN, COLTRADO 30801 


2 - PHONE: (30% 277 1687 
~< BARRINGER LABORATORIES INC cere 
sll SPARKS, NEVADA = g9431 
PHONE. (702) 388-1188 
Energy Fuels 
One Tabor Center 
Suite 2500 
1200-17th Street 
Denver, CO 80202 
ATTN: Bill Almas 
Client No. } Log No. 8386 — Client PO No. 
Sample Type: water 
Date Collected: Date Received: 7/13/88 Date Reported: 8/17/88 
INORGANIC FINAL 
RESULTS OF ANALYSIS 
Alkalinity HOO CO; As Ba 
Sample as Caco; as 3 as Caco, Total Total 
Identification mg/l mg/1 mg/l mg/l mg/1 
HRO19 155 155 ” ag 0.015 0.02 
Cd Ca Cr Cu 
Sample Total Total cl Total Conductance Total 
Identification mg/l mg/1 mg/1 mg/1 umho/an mg/ 1 
HRO19 0.025 577 41 0.15 3210 0.02 


a a ee a 


Energy Fuels 
One Tabor Center 
Suite 2500 
1200-17th St. 


Denver, CO 80202 


ATTN: Bill Almas 
LGN: 8386 


Sample 
Identification 


HRO19 


Sample 
Identification 


HRO19 


OR 


<0.1 


7.48 


Approved by ene 


<0.01 


24.4 


Barringer Laboratories 
15000 W. 6th Avenue 
Suite 300 
Golden, CO 80401 
(303) 277-1687 


0.006 12.8 0.02 


Barringer Laboratories 
15000 W. 6th Avenue 
Suite’ 300 

Golden, CO 80401 
(303) 277-1687 


Erergy Fuels 

One Tabor Center 
Suite 2500 
1200-17th St. 
Denver, CO 80202 


ATTN: Bill Almas 
LGN: 8386 | 
‘ Na Zn 
Sample Total TOS SO Total 
Identification mg/1 mg/1 mg/ 4 mg/1 
HRO19 78.8 3450 2240 0.118 


Energy Fuels 

One Tabor Center 
Suite 2500 
1200-17th St. 
Denver, CO 80202 


ATTN: Bill Almas 


Client No. Log No. 8386 


| 
Sample Type: water 


Date Collected: Date Received: 7/13/88 


RADIOCHEMISTRY FINAL 
RESULTS OF ANALYSIS ** 


Gross Alpha Gross Beta 
Total Total 
Sample pCi/1 pci/1 
Identification +Precision* +Precision* 
HRO19 : 0 + 16 27 + 10 


( BARRINGER LABORATORIES INC 


13000 W 6TH AVE SUITE 300 
GOLDEN, COLORADO $0401 
PHONE ‘300 277 1687 


1488 OEMING WAY. SUITE 1§ 
SPARKS, NEVADA 80431 
PHONE. ‘702) 258-1188 


Client PO No. 


Date Reported: 8/10/88 


Ra-226 
Total 
pci/1 


+Precision* 


2.6 + 0.6 


How is Gross Alpha 0 but Ra-226 is 2.6? How is Gross Alpha lower than Gross Beta? 


Imn-230 
Total U 
Sample pois Total 
Identification +Precision* mg/1 
HRO19 0.7 + 0.7 0.0025 


* variability of the radioactive disintegration process 
(counting error) at the 95% confidence level, 20 
** Inorganic results to follow at a later date 


Cel. 
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Barringer Laboratories 
15000 W. 6th Avenue 
Suite 300 

Golden, CO 80401 
(303) 277~1687 


Energy Fuels 
One Tabor Center 
Suite 2500 
1200-17th St. | 


a een ete ene = 


Denver, CO 80202 
ATTN: Bill Almas 


LGN: 8386 
{ QUALITY CONTROL DATA SHEET 


Time Received: Date: 7/13/88 By: Gina Reichert Via: Federal Expres: 


Sample Container Type: large cube, small cube 
Sample Type: water 


Preservative When Received: 1. HNO, 2. H,SO,; 3. as received 4, Zn Acetate 


Additional Lab Preparation: none 


Date(s) of 
Parameter Reference LLD Preservative Analyst Analysis 
Alpha-Beta 4 1.0,2.0 pci/l 3 Ortiz & Kidwell 7/14-7/21/88 


Radium: 226 4,7 0.2 poifl 3 Howard, Goodale, 
Kidwell & Garcia 7/26-7/29/88 
Ortiz & Taylor 7/15-7/28/88 


Thorium 230 11 0.2 pci/l 
B. Tonning —7/22-7/25/88 


Uranium 9,10 0.2 pei/l 


Ww Ww 


QUALITY CONTROL STANDARDS 


Certified Acceptable Relative Deviation Spike % 
Parameter Result Result Target Range Fran Known Recovery 
Gross Alpha 193 + 4 198 178 - 218 2.6% -—- 
Gross Beta 178 + 2 175 157 = 193 1,7% --- 
Radium 226 109 + 3 101 96 - 106 8 0% ene 
Thorium 230 100 + 3 99 94 - 104 1.0% ae 
Uranium 34 34 32 - 36 0.0% 101 


These results are derived from the Lab Accuracy Test, which was 
performed over a year after these results are purported to be from 


Approved by ie Lo Le 


Energy Fules Nuclear 
One Tabor Center 
1200-17th St. 

Suite 2500 

Denver, CO 80202 


ATIN: Rich Munson 
Client No. 


| 
Sample Type: water 


Date Collected: 4/28-4/29/88 


Sample 


Identification 


HRO12 


Sample 


Identification 


HRO12 


Sample 


Identification 


HRO12 


Approved by ay OM 
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¢ BARRINGER LABORATORIES INC. 


18000 W. STH AVE, SUITE 300 
GOLDEN, COLCRADO 8040) 
PHONE (303) 277 1687 


SPARKS NEVADA $943) 
PHONE: (702) 358-1158 
Log No, 8106 Client PO No, 


Date Received: 5/2/88 Date Reported: 6/28/88 


Alkalinity HCO. CO, As 
as Caco, as cao, as Caco, NH 4 as N Total 
mg/l mg/1 mg/ 1 mg/ 1 mg/1 
159 159 <l <0,1 0.013 
Ba ca Ca cr 
Total Total Total Cl Total Conductance 
m/l ml ml m/l mg/L = —_umho/am _ 
0.01 <0.005 585 43 0,10 3430 
Cu Fe Pb Mg Mn 
Total F Total Total Total Total 
mg/1 mg/l mg/1 mg/l mg/1 mg/1 
0.01 1.47 4.03 <0,02 183 0.06 
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SPARKS, NEVADA 8043) 
PHONE: (702) 358-1188 
Hg K Se 
Total NO, as N pH PO Total Total 
mg/1 fig/1 units mg/L mg/L mg/1 
0.0011 0.7 8.02 0.1 25.3 0.009 
Ag Na zn 
Si0. Total Total TDS TSS SO Total 
mg? mg/1 mg/1 mq/1 mg/1 mg/1 mg/l 
13.6 0.01 70.1 3500 18 2230 <0.005 
Gross Alpha Gross Beta Pb-210 
Total Total Total 
pcei/l pCis1 pci/1l 
+Precision* +Precision* +Precision* 
0+ 19 31 + 12 0.5 + 0.9 


Variability of the radioactive disintegration process 
(counting error) at the 95% confidence level, 26 
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1$000 W. 6TH AVE. SUITE 300 


{ — GOLDEN. COLORADO =— 80401 
ay PHONE (303) 277 1687 
’ BARRINGER LABORATORIES INC. aaah a 
- SPARKS, NEVADA 8943) 
| PHONE: (702) 358.1188 
| Energy Fuels 
Qe Tabor Center 
1200 - 17th St. 
| Suite 2500 
Denver, CO 80202 
5 ATIN:Rich Munson 
LGN: 8106 
| 4 
Po-210 Ra-226 Ra-228 
i Total Total Total 
Sample pci/l pci/l pci/1l 
Identification +Precision* +Precision* +Precision* 
| HRO12 0.8 + 0.5 3.5 + 0.7 0.0 + 0.7 
& Th-230 
Total U 
Sample pci/l Total 
| Identification +Precision* mg/l 
HRO12 0.0 + 0.3 0.0025 
G * Variability of the radioactive disintegration process 
(counting error) at the 95% confidence level, 20 
| Approved by __ f ik 
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1S000 W 6TH AVE SUITE 300 
GOLDEN. COLORADO 80401 


ek we PHONE (303) 277 1687 
2 BARRINGER LABORATORIES INC. wie eicarias aie anaes 
Ling iia (702) Pal 
Energy Fuels Nuclear 
One Tabor Center . 
1200 - 17th St. 
Suite 2500 
Denver, CO 80202 
ATIN: Rich Munson 
LGN: 8106 
QUALITY CONTROL DATA SHEET 
Time Received: Date: 5/2/88 By: Gina Reichert Via: Airplane 
Sample Container Type: large cube, small cube 
Sample Type: water 
Preservative When Received: 1. HNO, 2. H,SO, 3. as received 
Date(s) of 

Parameter Reference Method LLD Preservative Analyst Analysis 
Fluoride 1 340.2 5 mg/l 3 A. Knudson 5/16/88 
Conductance 1 120.0 0.1 mhos/cn 3 P. Huebner 5/16/88 
Chloride 2 Seaee 0.2 mg/l 3 D. Hobbs 5/16/88 
Selenium 1 270.2 2 ug/l 1 T. Carr 5/13/88 
Phosphate 1 365.1 0.01 mg/l 3 D. Hobbs 5/17/88 
pH 1 150.1 0.01 units 3 P. Huebner 5/17/88 
Alkalinity 3 310.1 0.5 mg/l 3 P. Huebner 5/17/88 
Barium 1 200.7 5 ug/l 1 J. Hageman 5/18/88 
Cadmium 1 200.7 5 ug/l 1 J. Hageman 5/18/88 
Calcium 1 200.7 10 ug/l 1 J. Hageman 5/18/88 
Chromium 1 200.7 10 ug/l 1 J. Hageman 5/18/88 
Copper 1 200.7 10 ug/l 1 J. Hageman 5/18/88 
Iron 1 200.7 10 ug/l 1 J. Hageman 5/18/88 
Lead 1 200.7 5 ug/l 1 J. Hageman 5/18/88 
Magnesium 1 200.7 10 yg/1l 1 J. Hageman 5/18/88 
Manganese 1 200.7 3 ug/l 1 J. Hageman 5/18/88 
Potassium 1 200.7 10 yg/l 1 J. Hageman 5/18/88 
Ammonia 1 350.1 0.1 mg/l 3 _ D. Hobbs 5/3/88 
Mercury 1 245.1 0.2 pg/l 1 G. Gilleland 5/12/88 
Arsenic 1 206.2 1 ug/l 1 tT, Carr 5/23/88 
Silica 1 200.7 10 ug/l 1 J. Hageman 5/23/88 
Silver 1 200.7 5 ug/l 1 J. Hageman 5/18/88 
Sodium 1 200.7 0.01 ug/l 1 J. Hageman 5/18/88 
Zinc 1 200.7 5 ug/l 1 J. Hageman 5/18/88 
Total Suspended 

Solids 1 160.2 4 mg/l 3 R. Lovell 5/17/88 


L Ds) 
Approved by : 
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4 18000 W 6TH AVE SUITE 300 
GOLDEN. COLORADO 80401 
PHONE (303) 277 1687 
"455 DEMING WAY SUITE 15 
SPARKS NEVADA 8943) 
i PHONE (702) 388-1158 
| Energy Fuels Nuclear 
One Tabor Center 
1200 - 17th St. 
a Suite 2500 
Denver, CO 80202 
| ATIN: Rich Munson 
LGN: 8106 
g QUALITY CONTROL DATA SHEET (cont'd) 
Date(s) of 
P Parameter Reference Method LLD Preservative Analyst Analysis 
Total Dissolved 
4 Solids 1 160.1 10 mg/l 3 R. Lovell 5/19/88 
Sulfate 1 375.3 0.1 mg/l 3 R. Lovell 5/19/88 
Alpha-Beta 4 1.0,2.0 pCi 3 J. Ortiz 5/13-5/23/88 
t Lead 210 5 1.0 pcs 3 M. Kidwell  5/9-5/25/88 
Polonium 210 6 1.0 pCi/i 3 J. Ortiz 5/11-5/12/88 
Radium 226 4,7 0.2 pci/l 3 M. Howard 5/9-5/18/88 
Radium 228 12,13,14 0.9 peas l 3 K. Goodale 5/17-5/27/88 
e Thorium 230 ll 0.2 Ci/1 3 Taylor & Ortiz 5/11-5/16/88 
Uranium 9,10 0.2 PCL a B. Tonning 3 5/10-5/12/88 
DUPLICATES 
a Sample Relative Deviation 
Identification Parameter Result Result From Mean 
| HRO12 Fluoride 1.49 1.49 3.4% 
HRO12 Conductance 3370 3480 3.2% 
PNO11 Chloride 16 16 0.0% 
@ HRO12 Selenium 0.009 0.008 11.0% 
PNO11 Phosphate . (0.1 <0.1 0.0% 
HRO12 7.99 8.04 0.6% 
| HRO12 Alkalinity 159 159 0.0% 
PNO11 Ammonia <0.1 <0.1 0.0% 
HRO12 Silver <0.01 <0.01 0.0% 
HRO12 Sodium 0.23 0.24 4.3% 
HRO12 Zinc 0.011 0.011 0.0% 
HRO12 Total Dissolved Solids 3510 3500 0.4% 
HRO12 Total Suspended Solids 17 19 11.03% 
| HRO12 Sulfate 2230 2230 0.0% 
| Approved by (2 


pg. 2 of 3 


Energy Fuels Nuclear 
One Tabor Center 
1200 - 17th St. 
Suite 2500 

Denver, CO 80202 


ATIN: Rich Munson | 


LGN: 8106 , 
Parameter Result 
Fluoride 0.51 
Chloride 26.5 
Selenium 0.009 
Phosphate 0.47 
Barium 0.98 
Cadmium 0.098 
Calcium 250 
Chranium 0.100 
Copper 0.105 
Iron 0.096 
Lead 0.106 
Magensium 0.103 
Manganese 0.104 
Potassium 9.84 
Ammonia 2.00 
Merucry 0.005 
Arsenic 0.099 
Silica 1.20 
Silver 0.97 
Sodium 0.80 
Zinc 0.106 
Total Dissolved 
Solids 1479 
Sulfate 1030 
Gross Alpha 198 + 6 
Gross Beta 108 + 2 
Lead 210 112 +1 
Polonium 210 109 
Radium 226 104 + 3 
Radium 228 40 + 2 
Thorium 230 97 + 3 
Uranium 32 
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QUALITY CONTROL DATA SHEET (cont'd) 


QUALITY CONTROL STANDARDS 


Certified 


Result 


SPARKS. NEVADA 39431 
PHONE (702) 258 1158 
Acceptable Relative Deviation Spike % 
Target Range From Known Recovery 
0.45 - 0.55 2.0% 102 
22.3 - 28.7 2.4% 98 
0.006 - 0.012 0.0% 104 
0.46 - 0.54 6.2% —_ 
0.82 - 1.12 1.0% 97 
0.080 - 0.108 4.0% 103 
214 - 288 0.0% 101 
0.088 - 0.118 3.0% 103 
0.088 - 0.118 2.0% 102 
0.087 - 0.117 6.0% 110 
0.086 - 0.116 5.0% 105 
0.085 - 0.115 3.0% 97 
0.087 - 0.117 2.0% 105 
8.5 - 11.5 1.6% 103 
1.78 - 2.18 1.0% 97 
0.003 - 0.006 0.0% 75 
0.080 - 0.118 1.0% 80 
0.91 - 1.23 13.0% 119 
0.84 1.14 2.0% 98 
0.73 - 0.99 6.0% 92 
0.086 - 0.116 5.0% 114 
1331 1627 0.0% <— 
aoe ee alpha oe _ 
a a should be >20 poi = __ 
106 - 118 0.0% = 
106 - 118 2.7% —_— 
96 - 106 3.0% —_— 
38 - 42 0.0% == 
94 104 2.1% == 
32 - 36 EPAMCL=30ppb 5.9% == 


"$000 W 6TH AVE SUITE 300 
GOLDEN. COLORADO 8040! 
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WATER QUALITY DATA EVALUATION 
HERMIT MINE SITE 


1.0 INTRODUCTION 


Canonie Environmental Services Corp. conducted a water quality data evalua- 
tion for Energy Fuels Nuclear, Inc.’s (EFN) Hermit Mine site in Fredonia, 
Arizona. The purpose of the evaluation was to determine potential causes 
of unanticipated exceedances of ground water quality standards for water 
samples collected from the monitor/production well (Well Registry No. 55- 
518877) at the Hermit Mine site. Were the samples actually 

collected from R/M well 518877? 


1.1 Background 


The evaluation is part of EFN’s program of proposed actions to determine 
the causes of the unanticipated exceedances of water quality standards 
established for the site. The program was presented in the document en- 
titled "Hermit Mine, Groundwater Monitoring Report, Mining Phase" dated 
February 12, 1990 (EFN, 1990) that was submitted to the Arizona Department 
of Environmental Quality in accordance with the Hermit Mine Groundwater 
Quality Protection Permit (Permit) requirements for reporting. As dis- 
cussed in the report, exceedances of the Maximum Groundwater Limits (MGLs) 
were identified for water quality samples collected from the monitoring 
well during the Mining period (September 1989 through December 1989). 
Exceedances of the MGLs continued to occur into the Post-Mining period 
prior to the initiation of this program (February 1990 through August 
1990). 


Table 1.1 presents a summary of the MGLs and the water quality data re- 
ported for the Mining and Post-mining periods. The samples were analyzed 
for total concentrations, except for the constituents that are shown boxed 
on Table 1.1, which were analyzed for dissolved concentrations. Exceed- 
ances of the MGLs are indicated as shaded values. As shown, concentrations 
of uranium have consistently exceeded the MGLs in the water samples except 
for sample HER 066 collected and analyzed in June 1990. Additionally, 15 
other parameters or constituents, including specific conductance, alkalin- 
ity, bicarbonate, chloride, phosphate, calcium, magnesium, potassium, 
sodium, barium, iron, manganese, gross beta, radium-226, and thorium-230, 
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were reported in concentrations exceeding the MGLs in one or more samples 
during this same time period. 


Several potential causes of the exceedances were discussed in EFN’s report 
(EFN, 1990) including: 


—_ a deol 
1. Increased sediment in the water; choc 
2. Errors due to sampling and/or analytical procedures and 
variability; and 
3. Natural conditions or seasonal changes in water quality due to if hie Xs 
factors such as variable precipitation. “——— ¥vue vee 
ci’, oS 
Mining activities, e.g., seepage from the mine, were not discussed as a Soto Ute 
potential cause of the exceedances because of the physical separation of Has we 
the mine workings from the aquifer by more than 1,000 feet of impermeable 
material. A discussion-of the effectiveness of the physical barrier was rn 
~~ _ aS : 
included in the EFN’s February 1990 report (EFN, 1990). ——_———— J rh! 5 
EFN implemented this program to evaluate whether the increased sediment 
and/or the sampling/analytical procedures could be the cause of the ex- 
ceedances. The evaluation consisted of the following four tasks: 
1. Task 1 - Review of existing water quality data to identify trends 
or patterns, particularly an increasing trend in constituent 
concentrations indicating that mining caused a deterioration in 
water quality. 
2. Task 2 - Review of sample collection and handling procedures to 
determine whether the procedures followed generally accepted 
practices and, if not, evaluate whether the exceedances could be 
the result of a failure to implement adequate collection or han- 
dling procedures. 
CanonieEnviromential 


3. Task 3 - Implementation of a laboratory Quality Assurance/Quality 
Control (QA/QC) program to identify potential laboratory 
analytical error and evaluate whether the exceedances could be 
related to any errors identified. 


4. Task 4 - Review of water quality standards to evaluate the ap- 
propriateness of the standards contained in the Permit, particu- 
larly for the radionuclide constituents. 


1.2 Summary of Results 


The results of the water quality data evaluation indicated that the water 
quality at the Hermit Mine site has not deteriorated as a result of mining 
activities and that the exceedances of the MGLs for constituents measured 
in the water samples from the monitor/production well were the result of a 
combination of increased sediment load and improper sample collection 
procedures. This conclusion is based on the following factors: 


1. The quality of the water in the mine, represented by the samples 
from the sump, is similar to the quality of the aquifer, repre- 
sented by the samples from the well. The only exceptions are the 
radionuclides, nitrate, and arsenic which are present in the sump 
water in concentrations 10 to 10,000 times higher than the con- 
centrations measured in the well water, and iron and manganese 
which are present in the sump water in concentrations 2 to 40 
times lower than in the well water. 


2. If seepage from the mine were the source of the exceedances in the 
well water, then the constituents that are present in the highest 
concentrations in the sump water as compared to the concentrations 
in the well water (radionuclides, nitrate, and arsenic) would be 
expected to exhibit increasing concentrations (and exceedances of 
the standards) in the well water after mining operations com- 
menced. However, radionuclide concentrations, which exhibit the 
highest contrast in concentrations between the sump water and the 
well water, do not show a trend of increasing concentrations after 
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mining activities commenced. Rather, the exceedances that are 
reported are erratic as the reported concentrations fluctuate at 


___levets~bel ow and above the MGLs. Also, the concentrations of 
: nitrate and arsenic remained stable at levels below the MGLs 
—throughout the Mining and Post-mining periods. 


As a contrasting argument, if seepage from the mine was the cause 
of the exceedances of the MGLs in the well water, then constitu- 
ents such as iron and manganese, which are present in the sump 
water in concentrations several times lower than the concentra- 
tions in the well water, would not be expected to show a trend of 
increasing concentrations or exceedances of the MGLs after mining 
operations commenced. However, both iron and manganese are re- 
ported in concentrations exceeding the MGLs for 60 to 100 percent 
of the well water samples collected during the Mining and Post- 
mining periods. 


A trend of increasing constituent concentrations was evident 
during the Pre-mining period, prior to commencement of mining 
operations. This trend continued into the first months of the 
Mining period, after which concentrations stabilized. 


The increase in constituent concentrations and exceedances of MGLs 
reported during the Mining period coincide with an increase in the 
sediment in the water that began during the Pre-mining period. 


The sediment load in the water, as indicated by the concentrations 
of total suspended solids (TSS), increased from very low levels [9 
to 14 milligrams per liter (mg/1)] during the Pre-Mining period to 
higher levels (40 to 90 mg/1) during the Mining and Post-mining 
periods. 


The volume of water purged prior to sample collection was three 
casing volumes for this evaluation as compared to only one casing 
volume for previous sample collection events. 


Well 518877 is not fully cased. And is an 
operating water well - why would three purges be 
necessary if this well was used? 
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8. The number of constituents reported in concentrations exceeding 
the standards was 1 for the three replicate samples collected 
for this evaluation, as compared to 2 to 7 constituents for pre- 
vious sampling events. Also uranium did not exceed the MGLs in 
the three replicate samples analyzed for this evaluation in con- 
trast to past analyses where uranium concentrations exceeded the 
MGLs in 9 out of 10 samples. 


9. The analytical precision and accuracy quantified from the labora- 
tory QA/QC program was acceptable for almost all the constituents 
analyzed. 


Also, the evaluation indicates that water quality standards are inappropri- 
ately applied to certain constituents, in particular gross alpha and gross 
beta. According to the National Interim Primary Drinking Water regulations 
Part 141. 15(a) and Part 141.15(b), gross alpha and gross beta activities 
are included in water quality analyses to screen for the presence of alpha- 
and beta-emitting radionuclides. Once the screening identifies the pre- 
sence of the radionuclides, then the gross alpha and gross beta analyses 
can be eliminated and only the alpha- and beta-emitting radionuclides are 
monitored. 


Rather than determining the gross alpha and gross beta activities from the 
screening analytical procedure, they can be calculated from the measured 
concentrations of the radionuclides. Since the screening technique is not 
accurate, analysis of the radionuclide concentrations provides a more 
accurate estimate of the gross alpha and gross beta activities. 


Furthermore, a standard is normally applied to gross beta only if man-made 
radionuclides such as strontium or tritium are present. Since no man-made 
radionuclides are present at the Hermit Mine site, the application of a 
gross beta standard is not appropriate. 


Qs 
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1.3 Recommendations 


Based on the results of the evaluation, several recommendations were devel- 
oped to improve the quality and reliability of the water quality monitoring 
program for the Hermit Mine site. These recommendations include the 
following: 


1. Purge a minimum of three casing volumes prior to sampling the — 
well. 


2. Monitor the indicator parameters, pH, specific conductivity, and 
temperature during the purging process. A difference of 10 per- 
cent or less between measurements taken at the beginning and end 
of the third casing volume purge will indicate that an adequate 
volume has been purged. 


3. Order reanalysis of any constituents that are reported in con- we 
centrations exceeding the standards to minimize the exceedances 
that may be related to laboratory error. 


4. Eliminate gross alpha and gross beta from the list of constituents 
monitored under the Permit. 
is 


No 
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2.0 WATER QUALITY DATA EVALUATION 

The water quality data evaluation consisted of the following four tasks: 

1. Task 1 - Review of existing water quality data; 

2. Task 2 - Review of sample collection handling procedures; 

3. Task 3 - Implementation of a laboratory QA/QC program; and 

4. Task 4 - Review of water quality standards. 
A description of these tasks is provided in the following sections. 
2.1 Task 1 - Review of Existing Water Quality Dat 
A review of existing water quality data was conducted to determine whether 
any trends or other indications of water quality deterioration were evi- 
dent. The review focused on determining whether trends could be identified 
that indicated that the exceedances of the standards were consistent and 
could be related to a cause such as an introduction of contaminated water 
from the mining activities. 
For example, an increasing trend in the concentration of metals and radio- 
nuclides would be expected if mine water migrated into the aquifer. As 
stated in the Permit, the purpose of the Mining and Post-mining water 


quality monitoring is to determine: 


1. What impacts, if any, the mining operation is having on the ground 
water quality (of the Redwall-Muav aquifer); and 


2. The effectiveness of the closure activities (to prevent impacts on 
ground water quality after the mine is closed). 


If the mining were to have an impact on water quality, the impact would be 
an increase in constituent concentrations, measured in the monitoring well. 
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Increases in constituent concentrations would be expected for certain 
metals and radionuclides which are present in higher concentrations in the 
mine water than in the aquifer. Therefore, a trend of increasing con- 
centrations of metals and radionuclides after mining operations started 
would indicate that mine water was contaminating the aquifer. Similarly, 
if mine closure activities were not effective in preventing the migration 
of mine water to the aquifer, then constituent concentrations would be 
expected to increase or continue to increase after mining operations 
ceased. 


The review showed that the quality of the water in the mine is similar to 
the quality of the water from the well. The only exceptions are nitrate, 
arsenic, and the radionuclides which are present in the mine water in 
concentrations exceeding the ambient quality of the aquifer (as represented 
by the MGLs) by one to four orders of magnitude. If mine water had im- 
pacted the quality of the aquifer, concentrations of these constituents 
would be expected to reflect an increasing trend in concentrations . How- 
ever, these constituents did not exhibit increasing concentrations in the 
Mining and Post-mining periods. Rather, the concentrations either fluc- 
tuated at levels exceeding the MGLs (e.g. the radionuclides) or remained at 
concentrations below the MGLs (e.g. nitrate and arsenic). 


The review also indicated that the exceedances are in part related to the 
increased sediment load in the water. The trend of increasing constituent 
concentrations evident during the Pre-mining period coincides with an 

increase in the amount of sediment in the water as indicated by increasing 


TSS concentrations and observations by EFN personnel. 
Testing should be for dissolved solids anyway 


The following sections provide a discussion of the database used and a fovkally jose 

description of the review process. . — 
the ws II a 

2.1.1 Database 

The database used for the review consisted of the analyses of samples 

collected from the well prior to mining (Pre-Mining), during mining 

(Mining), and after mining ceased (Post-Mining) and from the mine sump 
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during Mining. Five quarterly samples were collected from the monitor wel? 
during the Pre-Mining period (April 1988 to May 1989). The Mining period 
samples, including four samples from the mine sump and four from the well, 
were collected between June 1989 and December 1989. Finally, a total of 
six well samples and one sump sample have been collected during the Post- 
Mining period since January 1990. 


In accordance with the Permit, the analyses of the Pre-Mining samples from 
the well were used to characterize the ambient water quality and to estab- 
lish MGLs for water samples from the mine site monitor well. The Pre- 
Mining samples were all analyzed for total rather than dissolved concentra- 
tions of constituents. As a result, the MGLs established for the site are 
for total concentrations. Therefore, for the evaluation of trends, only 
the Mining and Post-mining samples that were analyzed for total constituent 
concentrations were included. 


Analytical results for dissolved concentrations were not included in this 
evaluation because the sample preparation for dissolved constituents is 
different from the procedure for total constituents and the analytical 
results are not comparable. Samples for analysis of dissolved constituents 
(metals) are filtered prior to preservation with acid. The filtration 
process removes sediment or suspended solids. 


In contrast, samples prepared for analysis of total metals are not filtered 
prior to acidification. As a result, total metals concentrations may be 
higher than dissolved concentrations because metals adsorbed to or con- 
tained in the sediment/suspended solids can be added to the sample water by 
the acidification process. Therefore, inclusion of the dissolved metals 
analytical results would confuse the interpretation of the data, especially 
evaluation of changes in concentration over time (trends), since these 
results can represent different water quality conditions than those repre- 
sented by the total concentration results. 


Table 2.1 lists the data that were used in the evaluation. Note that 
dissolved concentrations of metals were analyzed for samples HER-061 
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through HER-069. Therefore, no metals concentrations are reported for 


these samp] es. Why not? Isn’t the dissolved constituents are what is of concern? 
2.1.2 Data Review 


The first step in the evaluation consisted of a comparison of the quality 
of the water from the aquifer (i.e. the well) and from the mine (i.e. the 
mine sump). The mine sump samples represent the quality of the water that 
would impact the aquifer quality if communication between the mine and the 
aquifer existed. Table 2.1 presents the analytical results for the water 
samples collected from the sump and the well during the mining period. 
Sampling of the sump was not required under the Permit after mining opera- 
tions ceased. 


Review of Table 2.1 shows that the quality of the water in the sump is 
similar to the water in the well with the exception of nitrate, several 
metals and the radionuclides. For example, sulfate concentrations measured 
in the well ranged from 1150 mg/1 to 2310 mg/1 with 90 percent of the 
values falling in the range of 2240 mg/1 to 2300 mg/l. Sulfate concentra- 
tions in the sump water ranged from 2180 mg/1 to 2300 mg/1 with an average 
concentration of 2243 mg/l. The metals concentrations in the sump and well 
water were either the same or, in one or two of the samples, differed by no 
more than 50 percent. 


In contrast, the concentrations of nitrate, arsenic, and radionuclides in 
Where is 


the samples from the mine sump were 10 to 10,000 times higher than the ihoniitate 
concentrations in the well water. As shown in the table, concentrations of , 
the radionuclides exhibited the greatest magnitude of difference in con- the sump 
centration (3 to 4 orders of magnitude) between the sump water and the well haath 


water. Nitrate concentrations in the sump water were in the range of 6.0 or 

mg/1 to 51.3 mg/1 whereas the concentrations in the well water were below oe 
the detection limit of 0.1 mg/1. These concentrations are also 8 to 64 

times higher than the background levels of the well water represented by 

the MGL of 0.8 mg/l. Finally, the arsenic concentrations in the sump water 

ranged from 0.205 mg/1 to 1.09 mg/1 which is 8 to 40 times higher than the 


background concentration of 0.204 mg/1. Howis the background As 204 ppb? Maybe 24 ppm? 
Hunt/Hermit well (503919) in 1983 As = 28 ppb, 
Kanab R/M Well in 1985 As= 10 ppb 
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If communication between the mine and the aquifer did exist, then evidence 
for the communication would be an increase in the concentrations of those 
constituents in the highest concentrations in the sump water as compared to 
the same constituents in the well water. As discussed above, these con- 
stituents are the radionuclides, nitrate, and arsenic. 


However, as shown in Table 2.1, nitrate concentrations in water samples 
from the well remained below both the MGL and the detection limit and 
arsenic concentrations remained 3 to 6 times below the MGL throughout the 
Mining and Post-mining periods. Of the radionuclides, only uranium was 
reported in concentrations that consistently exceeded the MGL throughout 
the Mining and Post-mining periods. The remaining radionuclides either did 
not exceed the MGLs (gross alpha) or exhibited erratic exceedances (gross 
beta, radium-226, and thorium-230). The fact that the well water does not 
exhibit an increase in the concentrations of the constituents of highest 
contrast in concentration indicates that a source other than mining ac- 
tivities is the cause of the exceedances in the well water. 


A contrasting argument also provides support for the conclusion that a 
source other than communication between the mine and the aquifer is the 
cause of the exceedances in the well water, Review of Table 2.1 shows that 
two additional constituents, iron and manganese, are also present in sub- 


stantially different concentrations in the sump water as compared to the [© % Nn (end 


As) are from 


well water. However, in contrast to the previous discussion, the con- oxidation & 
centrations of these two constituents in the sump water are less than in ‘!ssolution ol 


pyrite 


the well water. Iron concentrations in the sump samples ranged from 0.11 


(theswellmwater®) How did the Fe and Mn become elevated in the Hermit R/M well? The Fe in 
Kanab R/M water well <0.1 mg/L , at Hack well (1982) Fe< 0.05 mg/L 


— Since the concentrations of these two constituents are much lower in the 


Water seepingump water than in the well water, an increase in their concentrations in 


ae well water could not be caused by seepage of water from the mine. 


the sulfide Therefore, an increase in concentration of these two constituents in the 
mineralization 


in the pipe anwe]] water during the Mining and Post-mining periods would indicate that a 
carried it down 
to R/M 
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No, mine seepage is causing the increase 

mechanism other than mine seepage was causing the increase. Review of 
Table 2.1 shows that the concentrations of iron and manganese exceeded the 
MGLs in 60 percent and 100 percent, respectively, of the well water samples 
collected during the Mining and Post-mining periods. These exceedances 
indicate that the quality of the aquifer changed as a result of causes 
unrelated to the mining activities. 


One of the potential causes of the exceedances in the well water is the 
increased sediment in the well. A discussion of the increased sediment was 
first addressed in EFN’s mining phase report (EFN, 1990) that identified 
the exceedances of the MGLs and presented the proposed program for evaluat- 
ing the exceedances. According to EFN personnel, the increased sediment 
became noticeable in January and February 1989 because of a color change 
from clear to red and deposition of sediment in the components of the pump 
that are located at the ground surface. 


Review of Table 2.2 confirms the observations made by EFN personnel that 
the sediment load increased during the Pre-mining period. Concentrations 
of TSS for the three samples collected prior to January/February 1989 
ranged from 9 mg/1 to 18 mg/l. The concentrations of TSS increased 5 to 10 
times (to 88 mg/1) in the sample collected in May 1989. Concentrations of 
TSS remained high into and through the Post-mining period. Analyses of TSS 
were not conducted during the Mining period. However, concentrations re- 
ported for the Post-mining period ranged from 42 mg/1 to 93 mg/1 with an 
average of 61 mg/1. 


Assuming that the the sediment was the cause of the exceedances of the 
MGLs, increases in constituent concentrations would be expected to coin- 
cide with increased concentrations of TSS. To determine whether such a 
relation exists, concentrations of TSS, uranium, iron, and manganese were 
plotted on a graph. Figure 2-1 illustrates the resulting graphs. 


The figure clearly illustrates that the increased concentrations of TSS 
coincide with increases in the concentrations and with the exceedances of 
the MGLs noted for the three metals. Note that all three metals show a 
trend of increasing concentrations during the Pre-mining period, when TSS 
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concentrations also increased. TSS concentrations remained elevated into 
the Post-mining period and the concentrations of the three metals also 
remained higher during this time as compared to the Pre-mining period. 


The figure also shows that the concentrations of dissolved uranium were an 
order of magnitude less than the concentrations of total uranium. If no 
sediment or suspended solids are present in the water, these two concentra- 
tions are very similar. However, as discussed in the beginning of this 
section, total concentrations can be higher than dissolved concentrations 
if sediment in the water contributes additional metals (uranium is con- 
sidered to behave as a metal chemically) during the acidizing process. 
Therefore, the contrast between the total and dissolved uranium concentra- 
tions provide further evidence of the presence of the sediment in the 
water. 


In summary, the review of the existing data clearly indicates that sediment 
in the well water is one of the causes of the exceedances of the MGLs and 
that the exceedances are not related to mining activities. Other poten- 
tial causes of the exceedances will be evaluated in the following sections. 


2.2 Review of Field Sampling Procedures 


A review of the field sample collection procedures was conducted to deter- 
mine whether the procedures follow generally accepted practices. Sampling 
procedures were also evaluated to determine whether they could be a cause 
of the exceedances. 


The field sample collection procedures used by EFN follow the provisions of 
the Permit. Overall, the sample collection and handling procedures used 
should minimize any error. However, in accordance with the Permit monitor- 
ing requirements, only one casing volume is being purged prior to sample 
collection. One casing volume may not be sufficient to remove all the 
stagnant water in the well and, as a result, the collected water samples 
may not have been of consistent quality or representative of the formation 
water. Removal of the stagnant water is especially a concern in light of 
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the results of the previous task which indicated that sediment in the water 
may have caused the exceedances. 


Thorough flushing (purging) is necessary to obtain representative ground 
water samples. A thorough purge is an effort to fill the well with fresh 
formation water. According to Wilson and Rouse (1983), the quality of 
standing or stagnant well water may differ from formation water; therefore, 
purging is necessary to ensure that the sample is fresh water representa- 
tive of aquifer conditions. 


The number of casing volumes that need to be purged varies depending on the 
well construction and the transmissivity of the aquifer (the rate at which 
water can be transmitted through a unit thickness of the aquifer), but the 
minimum number recommended is three casing volumes. The Environmental 
Protection Agency (EPA), in the document entitled "RCRA Ground-Water Moni- 
toring Technical Enforcement Document" (EPA, 1986), recommends that three 
casing volumes be purged. Removal of at least four well casing volumes is 
recommended by a number of authors studying monitor well purge phenomena 
(Gibb, 1984; Shuller, et al., 1981; Keith, et al., 1983; Giddings, 1983; 
Urwin and Huis, 1983; Wilson and Rouse, 1983; Schmidt, 1982; Seanor, 1984; 
Seanor and Brannaka, 1983; Scalf, et al., 1981; United States Geological 
Survey, 1980). 


The above-listed authors also generally recommend monitoring of the in- 
dicator parameters (temperature, pH, and specific conductivity) during the 
purging process to determine when the water quality has stabilized. The 
EPA (1986) also requires that these parameters be monitored as part of the 
purging process. Stabilization of the parameters provides an indication 
that the stagnant water has been removed and that clean formation water is 
being pumped. However, past sampling procedures have not included monitor- 
ing for the indicator parameters. As a result, verification that the water 
quality is stable and representative of the formation water has not been 
possible. 


Table 2.3 presents a comparison between new data obtained from three ground 
water replicate samples collected for this evaluation and previous ground 
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water quality data. The samples for this program were collected after 
purging approximately three casing volumes rather than one volume as in 
previous sample collection events. The comparison was made by comparing 
the number of constituents that exceeded the MGLs for each sample. 


The results of the comparison indicate that the erratic exceedances of the 
MGLs in the Mining and Post-mining water quality data were due to insuffi- 
cient purge volume. As shown in Table 2.3, only one constituent, gross 
beta, was reported in concentrations exceeding the MGLs for the three 
replicate samples collected during this evaluation. In contrast, the table 
shows that in the past a total of 15 different constituents have been 
reported in concentrations exceeding the MGLs. The most notable improve- 
ment was exhibited by uranium which did not exceed the MGLs in the samples 
collected for this evaluation whereas previously concentrations of uranium 
exceeded the standards in 9 out of 10 samples. 


Review of Table 2.1 shows that samples collected in the past had 2 to 7 
constituents reported in concentrations exceeding the MGLs as compared to 
only one constituent in this set of samples. The fact that only one ex- 
ceedance is evident for samples collected during this evaluation, and 2 to 
7 times that number of exceedances were evident during previous sample 
collection events, indicates that the insufficient purging procedures 
effected the analytical results. Also, the exceedances that were evident 
in the previous samples were present as erratic fluctuations from low 
concentrations to high, indicating that the water quality was changing over 
the short time periods of one to three months between sampling events. 
Erratic fluctuations in water quality do not normally occur if a contami- 
nant source, such as the mine, is the cause of the change in water quality. 
Consequently, one casing volume appears not to be sufficient to remove all 
the stagnant water in the well. 


Support for this conclusion is provided by preliminary data from samples 
collected after sample collection for this evaluation in October 1990. The 
graph of uranium concentrations presented on Figure 2-1 includes data for 
samples collected in November and December, 1990, and January, 1991. The 
samples were collected after a minimum of three casing volumes was purged 
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from the well. As shown, the concentrations of uranium for al! three 
samples were below the MGL and were even lower than the concentrations 
reported during the Pre-mining period. 


Also, the concentration of TSS in the three replicate samples was 4 mg/1, 
as compared to an average of 61 mg/l for the five Post-mining water quality 
samples collected prior to this evaluation. The additional purge volumes 
helped to remove the sediment that was in the stagnant water in the well. 


Future sample collection events using the higher purge volume of at least 
three casing volumes and monitoring of the indicator parameters during 
purging will verify this conclusion. 


2.3 Task 3 - Laboratory QA/QC Evaluation 


The evaluation of laboratory analytical performance was conducted to sat- 
isfy the following: 


1. To assess the analytical accuracy of the analytical laboratory; 


2. To determine the analytical laboratory’s internal level of 
precision; 


3. To assess the variability of sample results that may result from 
sample transport and/or sample handling in the laboratory; and 


4. To compare the analytical laboratory’s accuracy performance with 
an independent laboratory. 


Samples were submitted to Barringer Laboratories, Inc. (Barringer), the 
laboratory that typically conducts the analyses of the Hermit Mine water 
quality samples. The independent laboratory used in the evaluation was 
AccuLabs Research, Inc. (AccuLabs). 
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23s Program Design 


The laboratory QA/QC evaluation was designed to evaluate the performance of 
the laboratory in analyzing the constituents that are required in the 
Permit. Table 2.4 lists the analytes that were included in the evaluation. 
This evaluation was based on the analysis of the following five types of 
QA/QC samples: 


1. Spike samples; 

2. Spike sample replicates; 

3. Ground water sample replicates; 
4. Trip blank samples; and 

5. Field blank samples. 


All the QA/QC samples were shipped to Barringer and AccuLabs from the field 
and were "blind," or indistinguishable from ordinary ground water samples 
in labeling and packaging, so the laboratories could not identify them as 
QA/QC samples. 


An explanation of the purpose of each of the sample types is provided 
below: 


Spike Samples - A spike sample is a laboratory-prepared solution of deion- 
ized water containing known concentrations of analytes. Analyses of spike 
samples are used to assess the accuracy of the laboratory, i.e., the abil- 
ity of a laboratory to determine the correct concentration of each analyte. 


A spike sample was prepared from a single parent solution by Energy Labora- 
tories in Casper, Wyoming. As shown in Table 2.4, the sample contained 
known concentrations of ions (sodium, potassium, chloride, and sulfate), 
total dissolved solids (TDS), metals (chromium, iron, manganese, and zinc), 
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and uranium. The spike sample also contained a known level of gross alpha 
due to uranium activity. 


For the purpose of this program, an additional spike sample was split from 
the parent spike sample and sent to AccuLabs to compare the accuracy re- 
sults of Barringer to an independent laboratory. 


Spike Replicate Samples and Ground Water Replicate Samples - Replicate 
samples are used to assess laboratory precision. Replicate samples consist 


of a group of samples that contain the same water chemistry. Ideally, the 

laboratory should produce the same results for each replicate. Analysis of 
the spike replicate samples provides information on the laboratory’s preci- 
sion and may also be used to relate the laboratory’s precision to accuracy. 


For the purpose of this program, three replicate samples were prepared from 
the spike solution and three from the ground water sample. Each spike and 
ground water replicate sample was then sent to Barringer from the field. 


Table 2.4 lists the analytes for the spike replicate and ground water 
replicate samples. Precision analyses were performed for all analytes 
showing detectable concentrations in the replicate samples. 


Field Blank Samples - A field blank consists of deionized water that is 
placed into a sample container in the field. Ideally, if samples are 
collected correctly and sample containers are not contaminated, the anal- 
yses of field blanks should yield nondetectable concentrations for all 
metals and radionuclides. The use of field blanks provides a measure of 
variability that may be occurring as a result of sample handling in the 
field. For this program, one field blank labeled in a "blind" manner was 
sent to Barringer. Table 2.4 lists the analytes for the field blank 
sample. 


Trip Blank Samples - A trip blank contains deionized water sealed in a 
sample container at the preparing laboratory. Trip blanks were prepared 
and then shipped "blind" to Barringer. Ideally, analyses of trip blanks 
should give nondetectable concentrations for all metals and radionuclides. 
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These blanks determine whether any contamination or other accuracy problems 
occur as a result of the sample handling and/or analytical procedures of 
the analytical laboratory. Table 2.4 lists the analytes for trip blanks. 


2.3.2 Evaluation of Results 


The results of this evaluation are presented in terms of the laboratory 
accuracy in analyzing the spike samples, precision in analyzing the repli- 
cate samples, and the number of constituents reported in detectable con- 
centrations for the blank samples. Based on EPA guidelines (EPA, 1989), 
the laboratory performance in terms of accuracy and precision was accept- 
able for all constituents with the exception of zinc and gross alpha. The 
number of detectable constituents in the blank samples was low. 


The fact that the laboratory had acceptable performance for most of the 
constituents, several of which were reported in concentrations in the well 
water exceeding the MGLs, indicates that error due to laboratory analytical 
procedures is not a cause of the exceedances in the well water. Although 
the laboratory performance for analyzing zinc and gross alpha was unaccep- 
table, neither of these constituents was reported in concentrations exceed- 
ing the MGLs in samples collected from the well during the Mining or Post- 
mining periods. 


Laboratory Accuracy 


Laboratory accuracy was determined based on the analytical results of the 
spike samples. Table 2.5 lists concentrations of the 11 selected chemical 
constituents in the spike sample. These are the values that are known to 
exist in the spike sample prior to laboratory analysis. Table 2.5 also 
provides the chemical concentrations or values that were reported by Barr- 
inger for each replicate of the spike sample. Since each spike replicate 
sample was drawn from a single parent solution, the analytical results for 
all the replicates should be identical to the known spike sample 
concentrations. 
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Accuracy is represented by the magnitude of the difference between the 
concentration in the spike sample and the concentration reported by the 
laboratory. The smaller the difference between the two values, the greater 
the accuracy. For example, review of Table 2.5 shows that for chromium, 
the spike sample value and the three spike replicate values were the same. 
Therefore, the accuracy of Barringer for analyzing chromium was high. In 
contrast, the large difference between the spike sample values and the 
three reported values existing for gross alpha indicates that Barringer has 
low accuracy in analyzing this radionuclide. 


In order to quantify the accuracy of Barringer for each analyte, the values 
reported were normalized. Normalized values are reported as a percentage 
and represent the relative percent difference (RPD) between the reported 
laboratory value and the spike value. 


The normalizing procedure utilized the following formula: 
a | ew 
ppp = | ¥R -1 | x 100 


Where: VR is the laboratory-reported value of constituent X; and 
VS is the known or spike value of constituent X. 


The purpose of normalizing the values is to prevent the assessment of 
accuracy from being skewed by differences in the actual spike values for 
different constituents. The rationale for this procedure is evident if one 
considers an example where the spike value is 1.0 mg/1 and the reported 
value is 0.9 mg/1. Using the above formula, this yields an RPD of 10 
percent. Using the same procedure, a sample RPD of 10 percent would also 
be calculated for the situation where the spike value is 100 mg/1 and the 
reported value is 90 mg/1. 


For water quality samples, the EPA in their "Statement of Work" for the 
Contract Laboratory Program (EPA, 1989) recognizes that an RPD of less than 
20 percent is the acceptable accuracy for laboratory analyses. Ideally, 
the RPD should be zero but, because of variability inherent in the analyti- 
cal process, this ideal accuracy is not practically achievable. 
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Results of Eval ion 


RPD values computed from the analyses of the spike samples are displayed in 
Table 2.5 and illustrated on Figures 2-2 through 2-4. The RPD values were 
then further classified as being representative of acceptable or unaccep- 
table accuracy based on the 20 percent RPD criteria. 


Figure 2-2 shows RPD values for each major ion constituent. Barringer 
demonstrated adequate accuracy for sodium, potassium, chloride, sulfate, 
and TDS in all cases. 


Figure 2-3 shows RPD values for each metal spike constituent. Barringer 
demonstrated consistently adequate accuracy for chromium, iron, and man- 
ganese in all cases. However, Barringer did not meet the EPA accuracy 
criteria for zinc in three out of three samples or 100 percent of the time. 


The cause for the poor accuracy performance for zinc is believed to be 
contamination in the laboratory during analysis. Zinc is ubiquitous in the 
environment and could have been incorporated in the samples when the sample 
containers were opened for the analyses. Also, zinc is not a concern from 
a water quality standpoint because it has never been reported in concentra- 
tions exceeding the MGLs. 


Figure 2-4 shows RPD values for uranium and gross alpha. Barringer demon- 

strated consistently adequate accuracy for uranium. However, Barringer did 

not meet the EPA accuracy criteria for gross alpha in the spike samples in 

three out of three times or 100 percent of the time. As with zinc, the 

poor accuracy for gross alpha is not a concern from a water quality stand- 

point since it has never been reported at activity levels exceeding the 

MGLs. — Vhe vreacgonw nay be thaf Barni~gers velueg ave consistetly 


low ,’ 
‘ 


And the Gross Alpha MGL was set ridiculously high 


Verification of Spike Sample and Analytical Accuracy 


In order to verify that the spike sample contained the concentrations as 
indicated by the laboratory preparing the spike (Energy Laboratories) and 
to provide an independent check of analytical accuracy, one spike replicate 
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sample was shipped blind to AccuLabs for analysis. Table 2.6 presents the 
analytical results from both laboratories for the same spike sample. The 
results from Barringer presented in the table are mean values for the three 
spike replicate samples. 


As shown in Table 2.6 both analytical laboratories demonstrated acceptable 
accuracy for major ions and metals. The only exceptions were that, as 
discussed previously, Barringer showed unacceptable accuracy for zinc where 
as AccuLabs showed unacceptable accuracy for sulfate. These results con- 
firm that the spike sample contained the appropriate concentrations of 
constituents as reported by the preparing laboratory. 


The accuracy results for uranium and gross alpha confirmed the previous 
results that Barringer had unacceptable accuracy for analyzing gross alpha. 
The spike sample contained a known amount of natural uranium (0.04 mg/1). 
Both laboratories had acceptable accuracy detecting all the uranium con- 
centration in the sample. This spike sample did not include any other 
radionuclide; therefore, uranium was the only alpha-emitting radionuclide. 
The known amount of uranium (0.04 mg/1) in this sample generates 27.08 
picoCuries per liter (pCi/1) gross alpha activity. 


Results of the analyses showed that Barringer did detect uranium but the 
reported gross alpha activity was consistently low resulting in unaccep- 
table accuracy. On the other hand, AccuLabs detected the correct level of 
gross alpha activity (approximately 25 pCi/1). This suggests that Barr- 
inger had an analytical error for the gross alpha analyses. 


Laboratory Precision 


Precision describes the ability of a laboratory to successively repeat an 
analysis of a given sample and produce identical results. Precision was 
determined for Barringer through the use of spike sample replicates and 
ground water sample replicates. Ideally, a laboratory with perfect preci- 
sion would produce identical results for all replicates. 
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Quantification of the statistical spread of replicate values for each 
constituent is necessary to quantify the precision of laboratory perfor- 
mance. The statistical measure of data spread is the normalized standard 
deviation, which is known as the coefficient of variation (CV). The CV is 
calculated as the standard deviation divided by the mean (average value) 
and multiplied by 100 (i.e., the standard deviation as a percentage of the 
mean). This normalizing procedure allows comparison of data spread regard- 
less of the magnitude of the reported values. 


Although no absolute standard for precision exists in the literature, the 
comparison of CV values between analytes indicates relative levels of 
precision. The smaller the CV value, the higher the level of precision 
relative to other analytes. 


Results of Evaluation 


CV values were calculated for both spike sample replicates and ground water 
sample replicates. Table 2.7 presents the analytical results and calcu- 
lated CV values for the spike sample replicates and ground water sample 
replicates. 


The statistical evaluation of precision depends on the existence of mea- 
surable quantities of analytes. If an analyte is nondetect in all cases of 
analyses, then the statistical evaluation of precision cannot be made. 


Calculated CV values shown in Table 2.7 indicate that Barringer demon- 
strated adequate precision for most major ions and metals. For example, 
the calculated CV values for both the spike replicate and ground water 
replicate samples were close to or less than 1.0. The higher CV value for 
zinc reported for the spike replicate samples and the values for silica, 
calcium, mercury, sulfate, iron, and zinc for the ground water replicate 
samples indicate lower precision as compared to the low CV values reported 
for the remaining major ion and metal constituents. 


The CV values for the radionuclides are consistently higher than the values 
for the major ion and metals constituents. This lower level of precision 
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is normal for radionuclide analysis and is reflected as the counting error 
at the 95 percent confidence level. For example, the counting error for 
gross alpha was 4 and 5 for the spike replicates and 24 and 26 for the 
ground water replicates. 


The spike sample replicates provide information that may also be used to 
relate the laboratory’s precision to accuracy. A laboratory can provide 
acceptable precision for a given constituent while producing inaccurate 
results. In this case, the acceptable precision that is derived from 
inaccurate results is misleading. For example, Table 2.7 shows that Barr- 
inger achieved an acceptable precision for zinc for spike replicate sam- 
ples, as indicated by a low CV value (4.81). However, accuracy for the 
analyses of these samples was unacceptable with RPDs greater than 20 per- 
cent. Therefore, although Barringer had acceptable precision for analysis 
of zinc, the actual concentrations are not correct. 


Field and Trip Blank Samples 


The results of the analyses of the field and trip blanks were used to 
determine whether field sample handling, sample transport, laboratory 
sample handling, or analytical methods affected the accuracy of the ana- 
lytical results. Table 2.8 lists the results of the analyses for the field 
and trip blanks. Nondetect and zero values are shaded. 


As shown in Table 2.8, most of the constituent concentrations for both the 
field and trip blanks were close to or below the detection limit. Ideally, 
the analyses of these blank samples should yield nondetectable concentra- 
tions for these analytes. However, several analytes such as specific 
conductivity, alkalinity, TDS, and sulfate were reported in much higher 
concentrations in the trip blank than in the field blank. This discrepancy 
suggests that the deionized water used for the trip blank was not as pure 
as that used for the field blank. 


The presence and similarity of detectable concentrations of zinc in both 
the field and trip blanks are of interest because they may indicate a 
potential source of contamination for this constituent. This contamination 


CanonieFnviromental 


25 


may be the cause of the unacceptable accuracy performance for the zinc 
analysis discussed previously. The source of the contamination is believed 
to be the environment, but future analyses should include an extra margin 
of care in sample handling and preparation and analytical procedures. 


2.3.3 Summary of Results 


In summary, the results of the laboratory QA/QC evaluation indicate that, 
except for zinc and gross alpha, the laboratory has acceptable accuracy and 
precision for analysis of constituents monitored for the Permit. If the 
laboratory had performed poorly in analyzing the constituents such as 
uranium or iron that were reported in concentrations exceeding the MGLs, 
then the laboratory accuracy and precision could be considered as another 
cause of the exceedances. However, since the laboratory accuracy and 
precision was unacceptable only for constituents that were not reported in 
concentrations exceeding the MGLs, laboratory performance is not considered 
to be a cause of the exceedances in the well water samples. 


2.4 Task 4 - Review of Standards 


The MGLs for the Hermit Mine site were reviewed to evaluate their appropri- 
ateness to ground water conditions at the site. Of particular concern were 
the standards applied to the radionuclides, since they are present in the 
highest concentrations in the spike water. Four main concerns related to 
the radionuclide standards are: 


1. Application of standards to gross alpha and gross beta activity, 
which are used to screen for the presence of alpha- and beta- 
emitting radionuclides; 


2. Establishment of radionuclide standards based on the reported 
values without consideration of the counting error; 


3. Comparison of reported radionuclide values to the standards with- 
out consideration of the counting error; and 
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4, Application of a standard for gross beta when no man-made radio- 
nuclides are present on-site. 


These concerns are addressed in the following sections. 


2.4.1 Gross Alpha/Gross Beta Screening 


Analysis for gross alpha and gross beta activity is used as a screening 
process to indicate the presence or absence of alpha- and/or beta-emitting 
radionuclides in water samples. As stated in the analytical procedures 
[American Public Health Association (APHA), 1976], "The method is a 
screening technique for monitoring drinking water supplies for alpha and 
beta particle activities according to the limits set forth under the Safe 
Drinking Water Act, PL 93-523, 40 FR 34324, and thereby determining the 
necessity for further analysis" (emphasis added). The necessity for fur- 
ther analysis of the alpha and beta-emitting radionuclides such as radium 
and strontium is based on the levels of alpha and beta activities deter- 
mined from the screening. For example, Section 141.26(a)(ii) of the 
National Interim Primary Drinking Water Regulations requires analysis of 
radium-226 if the gross alpha activity measured by the screening exceeded 5 
pci/l. 


Since more than eight alpha-emitting radionuclides and eight beta-emitting 
radionuclides (both natural and man-made) exist, the screening allows the 
identification of pertinent radionuclides without analyzing for each one 
individually. After the alpha- and beta-emitting radionuclides have been 
identified, monitoring for gross alpha and gross beta activities is no 
longer necessary because they can be calculated from the analyses of the 
individual radionuclides. 


Calculation of the gross alpha and gross beta activities from the radionu- 
clide concentrations provides a more accurate estimate of the activity 
levels than the screening. The screening analysis is not designed to be 
accurate, rather it is used to provide an indication of the types of radio- 
nuclides present in a sample of water. Also, as stated in the analytical 
procedure description (APHA, 1976), the accuracy of the procedure is 
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limited by the concentration of TDS in the water sample especially when the 
concentrations of the radioactivity in the sample are low as is the case 
for the well water at the Hermit Mine site. Look at the septic tank water for the 

actual radioactivity in the R/M well 
For the Hermit Mine site, gross alpha and gross beta activities are cur- 
rently being monitored in accordance with the Permit requirements. How- 
ever, monitoring of only the radionuclides is recommended. Gross alpha and 
gross beta activities can be calculated from the radionuclide analytical 
results and, therefore, will be monitored by monitoring the radionuclides. 
Since the activity levels are determined by the concentration of radio- 
nuclides in the water, monitoring and establishing standards for the cause 
(radionuclide concentrations) rather than the effect (gross alpha and gross 
beta activities) provides a more accurate assessment of the quality of 
water. 


2.4.2 Radionuclide Standards 


Currently, the MGLs established for radionuclides under the Permit are 
based on the reported values without considering the counting error. The 
counting error indicates the range of the value reported at the 95 percent 
confidence level. For example, if the gross alpha activity for a water 
sample is reported to be 44 pCi/1 with a counting error of + 18 pCi/1, the 
actual value of the activity ranges from 26 pCi/1 to 62 pCi/1l. Due to the 
error inherent in radionuclide analysis, the activity cannot be reported as 
a single value but rather as a range of values. 


Revision to the MGLs for the radionuclides is recommended to account for 
the counting error. Rather than assigning a single value to the MGLs, the 
MGLs could be reported as a range that includes the mean of the counting 
error plus two standard deviations. For example, the current MGL for gross 
alpha is 83.9 pCi/1. This value is calculated from the mean of the Pre- 
Mining reported values (20.4 pCi/1) plus two standard deviations (63.52 
pCi/l). The mean of the counting error for these samples (19.6 pCi/1) plus 
two standard deviations (6.7 pCi/1) results in a counting error of + 26.3 
pCi/1l. The revised gross alpha MGL would then range from 57.6 pCi/1 (83.9 
pCi/1l minus 26.3 pCi/1) to 110.2 pCi/1 (83.9 pCi/1 plus 26.3 pCi/1). 
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Using the above procedure, the recommended radionuclide MGLs are listed as 


follows: 
Analyte MGL 
Gross alpha 57.6 - 110.2 pCi/1 MGL should be 20 pCi/L 
Thorium-230 0.2 - 1.8 pCi/1 
Radium-226 a0 8.2 pis} 
4.3 mpari o Stan 


Currently, reported radionuclide values from each sample collection event 
are compared to the MGLs to determine whether they exceed the standard. 
However, this procedure does not account for the analytical error. There- 
fore, a different procedure for comparing reported values to the MGLs is 
recommended. 


In the National Interim Primary Drinking Water regulations, Sections 
141.26(a)(1) and 141.26(b)(4)(i), the EPA states that compliance with the 
standards shall be based on "...the average of the analyses of four samples 
obtained at quarterly intervals." By averaging the reported values ana- 
lyzed over a one-year period, the inherent variability of the analytical 
results is accounted for. 


Therefore, rather than comparing the reported values from each sample 
collection event to determine whether the site is in compliance, the mean 
of the reported values from at least four quarterly analyses should be 
compared to the MGLs. For example, the mean of the reported gross alpha 
values during the Mining period (four quarterly samples) was 36.8 pCi/1. 

In accordance with the federal regulations, this mean value rather than the 
values from the individual sample collection events would be compared to 
the MGLs to determine compliance. 


Another approach would be to add the counting error to the reported values 


for each sample collection event and compare the resulting range of values 
to the recommended MGLs listed in Section 2.4.2. For example, the gross 
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alpha activity reported for the June 1989 sample collection event was 28 + 
21 pCi/1 or ranged from 7 pCi/1 to 49 pCi/1. This range would then be 
compared to the recommended MGL of 57.6 pCi/1 to 110.3 pCi/1 to determine 
compliance. 


2.4.4 Gross Beta Standard 


A standard for gross beta is normally not applied unless man-made radio- 
nuclides are present that can be identified as the source of the gross beta 
activity. For example, in the National Interim Drinking Water regulations, 
the maximum contaminant levels (Section 141.16) and monitoring frequency 
(Section 141.26) are established for "...beta particle...activity from man- 
made radionuclides in drinking water..." (emphasis added). Since no man- 
made radionuclides are present at the Hermit Mine site, establishing a 
gross beta activity is not appropriate. 
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3.0 CLOSING REMARKS 


This report presents the water quality data evaluation that was conducted 
to identify potential causes of exceedances of the MGLs for water samples 
collected from the Hermit Mine site monitoring well. The focus of the 
evaluation was to identify factors such as sample collection procedures or 
analytical error that could cause the exceedances. In addition, the MGLs 
were evaluated to determine their appropriateness for the radionuclide 
analytes. 


3.1 Conclusions 
The major findings of this report are as follows: 


1. Evaluation of the existing water quality data showed that the 
quality of the water in the mine was similar to that in the well. 
The only exceptions were the radionuclides, nitrate, and arsenic 
which were present in much higher concentrations in the mine than 
in the well, and iron and manganese which were reported in lower 
concentrations in the mine than in the well. 


2. The existing water quality data provides evidence that the ex- 
ceedances in the well were not caused by seepage from the mine. 
This conclusion is based on two contrasting arguments as follows: 


o If communication between the mine and the aquifer existed, 
then the constituents present in the mine water in highest 
concentrations as compared to the well water would be ex- 
pected to cause increased concentrations and exceedances of 
these same constituents in the well water after mining opera- 
tions commenced. However, the constituents in the highest 
concentrations in the mine water, the radionuclides, nitrate, 
and arsenic, exhibited only erratic exceedances of the MGLs 
(the radionuclides) were present in concentrations below the 
detection limit (nitrate), or were present in concentrations 
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below the MGLs (arsenic) throughout the Mining and Post- 
mining periods. 


Also, concentrations of uranium did exhibit a trend of in- 
creasing concentrations, but this trend began during the Pre- 
mining period prior to commencement of mining operations. If 
mine seepage was the cause of the increased concentrations of 
uranium, the trend of increasing concentrations could not 
begin until after mining operations commenced. Therefore, a 
source other than seepage from the mine must be causing the 
exceedances in the well water. 


o A contrasting argument is presented for two constituents, 
iron and manganese, which were reported in lower concentra- 
tions in the mine water than in the sump water. In this 
case, assuming that communication exists between the mine and 
the aquifer, the concentrations of iron and manganese in the 
well would not be expected to increase or be present in 
concentrations exceeding the MGLs because concentrations in 
seepage from the mine would be too low to cause such a 
change. However, after mining operations commenced, con- 
centrations of iron and manganese exceeded the MGLs in 60 to 
100 percent of the samples. Therefore, since the mine water 
could not contribute sufficient concentrations of iron and 
manganese to cause these exceedances, a source other than 
mine seepage must be the cause of the exceedances in the well 
water. 


The existing water quality data provide evidence that sediment in 
the well water is one of the causes of the exceedances of the 
MGLs. The sediment load in the samples of well water increased 
during the Pre-mining period and remained at the higher levels 
through the Mining and into the Post-mining periods. Increases in 
concentrations of constituents such as uranium, iron, and man- 
ganese coincided with the increased sediment in the water and also 
remained at the higher levels into the Mining and Post-mining. 
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Also, the concentrations of dissolved and total uranium differed 
by as much as an order of magnitude. These concentrations would 
be similar if low levels of sediment or suspended solids were in 
the well water. 


Insufficient purge volume prior to sample collection is another 
cause of the inconsistent exceedances in the existing water 
quality. Improvement in the water quality was evident for samples 
collected during this evaluation when three casing volumes were 
purged prior to sample collection. Previously, only one casing 
volume was purged from the well prior to sample collection, and 
this volume was apparently insufficient to remove all the stagnant 
water in the well. 


Analytical accuracy and precision is not an important factor 
causing the exceedances in water quality. Performance of the 
analytical laboratory was acceptable for all constituents except 
zinc and gross alpha. These constituents were not reported in 
concentrations exceeding the MGLs in the past, and the laboratory 
exhibited acceptable accuracy and precision for the remaining 
analytes including those reported in concentration exceeding the 
MGLs in the well water. 


Water quality standards (MGLs) are inappropriately applied to the 
radionuclides for the following reasons: 


o First, the analytical procedure for gross alpha and gross 
beta activity is a screening technique to identify the 
presence of alpha- and beta-emitting radionuclides in the 
water. Continued monitoring of the gross alpha and gross 
beta activities is unnecessary because the radionuclides, 
from which they originate, are already being monitored. 
Since the activity levels are a function of the concentra- 
tions of the radionuclides in the water, monitoring and 
establishing standards for the cause (radionuclide concen- 
trations) rather than the effect (gross alpha and gross beta 
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activities) provides a more accurate assessment of the qual- 
ity of the water. 


o Also, a standard is in appropriately applied to gross beta 
since no man-made radionuclides were used on-site. 


o Finally, the current MGLs do not take into account the count- 
ing error, and comparison of the data collected to the MGL 
does not include the counting error. Revisions to the MGLs 
should include counting error. 


3.2 Recommendations 


The following recommendations have been developed to improve the reliabil- 
ity of the water quality data generated for the monitoring program required 
by the Permit. 


1. Purge a minimum of three casing volumes prior to sampling the 
well. 


2. Monitor the indicator parameters, pH, specific conductivity, and 
temperature during the purging process. A difference of 10 per- 
cent or less between measurements taken at the beginning and end 
of the third casing volume purge will indicate that an adequate 
volume has been purged. 


3. Order reanalysis of any constituents that are reported in con- 
centrations exceeding the standards to minimize the exceedances 
that may be related to laboratory error. 


4. Institute a field and laboratory QA/QC evaluation on an annual 


basis to minimize and identify potential problems with the 
sampling or analytical procedures. 
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5. Eliminate gross alpha and gross beta from the list of constituents 


monitored under the Permit. 


“2. vif submitted, 


edgy s., Mh 
Senior Technical Manager 


RSP/vv 
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Analyte 


pH (pH unit) 
Spec. Cond. (umhos/cm) 
Alkalinity 
Carbonate 
Bicarbonate 
Chloride 

TDS 

TSS 

Nitrate as N 
Phosphate as P 
Sulfate 

Silica 


y Calcium 
- Magnesium 


Potassium 
Sodium 
Flouride 


Arsenic 
Barium 
Cadmium 
Chromium 
Copper 
Iron 
Lead 
Manganese 
Mercury 
Silver 
Selenium 
Zinc 


Gross Alpha (pCi/l) 
Gross Beta (pCi/L) 
Radium-226 (pCi/L) 
Radium-228 (pCi/l) 
Thorium-230 (pCi/l) 
Natural Uranium 


Notes: 


Maximum 
Groundwater 
Limit 


= 
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® 


0.003 


TABLE 1.1 


SUMMARY OF WATER QUALITY DATA 
HERMIT MINE SITE MONITORING WELL 


Mining Post-Mining 
HER 044 HER 048 Septi HER 051 HER 052 HER 061 HER 64 HER 065 HER 066 HER 069 HER 070 
6/29/89 9/21/89 ©©P"'fo/19/89 12/07/89 3/29/90 4/27/90 5/31/90 6/30/90 7/31/90 8/31/90 


6.69 
3360 


NT NT <1.0 

NT 150 150 

NT 40 39 

NT 3440 4720 3220 

NT NT NT 
0.30 <0.1 <0.01 

NT <0.1 <0.01 

NT 2280 2100 2280 


NT 11.5 

NT 542 

NT 186 

NT 24.2 

NT 76.0 

NT 1.28 
0.004 0.008 0.007 0.022 0.008 0.003 <0.001 0.003 <0.01 0.001 
0.020 0.02 0.01 0.02 0.03 0.01 0.01 0.02 <0.01 
0.006 <0.005 <0.005 <0.005 0.009 0.007 <0.005 0.009 <0.005 

NT <0.01 0.01 <0.01 <0.0 -01 <0.01 <0.01 

<0.01 <0.01 


4.71 
<0.02 


0.18 0.19 
s s <0.0002 <0.0002 
<0.01 <0.01 <0.01 <0.01 
0.02 0.009 0.023 0.006 <0.001 <0.002 
0.077 <0.005 0.572 0.013 NT 0.009 
28 19 
40 41 
NT 3.3 


NT 
0.2 


U is a magnitude higher Maybe there is extra 0 between decimal point and results for U? 
(39 ppb) in septic than in It would explain why the results are in gray 
“monitoring well” 


1. Sample analytical results for total concentrations except where values are boxed. Boxed values are dissolved concentrations. 
2. Concentrations report in mg/l except where noted. 
3. Shaded values exceed the Maximum Groundwater Limits established in accordance with the Permit. 


4. WT = Not tested. 
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TABLE 2.1 


EXISTING WATER QUALITY DATA 
HERMIT MINE SITE 


Mining Post-Mining 
Maximum Well Sump Well Sump Well Well Sump Well Sump Well Well Well Well Well 
Groundwater HER 044 HER 043 HER 048 HER 049 HER 051 HER 052 HER 054 HER 061 HER 059 HER 064 HER 065 HER 066 HER 069 HER 070 
Analyte Limit 6/29/89 6/29/89 9/21/89 9/21/89 10/19/89 12/07/89 12/07/89 3/29/90 3/29/90 4/27/90 5/31/90 6/30/90 7/31/90 8/31/90 
pH (pH unit) 6.85 6.92 6.69 7.29 7.35 6.98 7.74 8.06 7.45 7.1 7.28 6.69 
Spec. Cond. (umhos/cm) 3555 3470 3820 3470 3410 3330 3190 3318 3234 3400 3261 3360 
Alkalinity 161 150 116 155 149 154 152 
Carbonate 0 <1.0 <0 <1.0 <0.1 
Bicarbonate 161 150 116 150 149 152 
Chloride 44 40 38 39 30 38 39 
TDS 3615 3440 3530 3220 3450 3430 3290 3380 3440 3540 
TSS 107 59 44 67 
Nitrate as N 0.8 <0.1 <0.1 
Phosphate as P 0 <0.1 <0.1 
Sulfate 2425 2280 2310 
Silica 14.3 11.5 10.1 D 9.9 D D D D NT 
Calcium 620 542 537 D 513 D D D D 549 
Magnasium 199 186 170 D 168 D D D D 178 
Potassium 28.7 24.2 31.8 D 27.5 D D D D 20.7 
Sodium 85.7 76 82 D 76.6 D D D D 70.7 
Flouride 1.53 1.28 133 1.4 1.1 1.4 102 1.2 D 1.4 
Arsenic 0.024 0.004 0.022 0.008 D D D D D 
Barium 0.06 0.02 0.01 0.02 x D D D D D 
Cadmium 0.027 0.006 <0.005 <0.005 <0.005 D D D D D 
Chromium 0.21 0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 
Copper 0.04 0.04 <0.01 0.03 D D D D D 
Iron 121 0.29 4.71 0.19 D D D D D 
Lead 0.16 <0.02 0.03 D D D D D 
Manganese 0.19 0.08 0.06 D 0.04 9) D D D 
Mercury 0.002 0.0002 <0.0002 0.0005 D <0.0002 D D D D <0.0002 
Silver 0.03 <0.01 <0.01 0.0230 D 0.01 D D D D <0.002 
Selenium 0.043 0.020 0.042 <0.01 0.017 <0.01 0.006 0.010 D 0.008 D D D D <0.01 
Zinc 0.189 0.077 0.123 <0.005 0.156 0.013 NT 0.093 D 0.094 D D D D 0.009 
Gross Alpha (pCi/L) 84 22 14 10 
Gross Beta (pCi/L) 43 25 43 
Radium-226 (pCi/L) 4.4 4.3 2.6 
Radium-228 (pCi/L) 2 
Thorium-230 (pCi/L) 1.0 
Natural Uranium 0.003 
0.030 


Notes: 


1. Sample analytical results for total concentrations except where noted. 

2. Concentrations report in mg/l except where noted. 

3. Shaded values exceed the Maximum Groundwater Limits established in accordance with the Permit. 
4. NT = Not tested. 

5. D = Analyzed for dissolved concentrations. 
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TABLE 2.2 


CONCENTRATIONS OF TOTAL SUSPENDED SOLIDS 
HERMIT MINE SITE MONITOR WELL 


Pre-Mining 
Concentration 
Sample Date (mg/l) 
HER-012 4/28/88 18 
HER-025 6/29/88 14 
HER-032 12/23/88 9 


Jan-Feb 1989: EFN personnel first observed sediment in water, red color 


HER-041 5/31/89 88 
Post-Mining 
HER-061 3/29/90 59 
HER-064 4/27/90 93 
HER-065 5/31/90 42 
HER-066 6/30/90 44 
HER-069 7/31/90 67 
Canoniel nviromental 


TABLE 2.3 
EXCEEDANCES RELATED TO PURGE VOLUME 


Purge Volume 3 Casings 1 Casing 
Number of MGL Number of MGL 
Exceedances/Total Exceedances/Total 
Analytes Number of Analyses Number of Analyses 
pH 0/3 0/5 
Spec.Cond. 0/3 
Alkalinity 0/3 
Carbonate 0/3 
Bicarbonate 0/3 
Chliorite 0/3 
TDS 0/3 
TSS 0/3 
Nitrate-as N 0/3 
Phosphate-as P 0/3 
Sulfate 0/3 0/9 
Silica 0/3 0/3 
Calcium : 0/3 
Magnesium 0/3 
Potassium 0/3 
Sodium 0/3 
Fluoride 0/3 0/8 
Arsenic 0/3 0/5 
Barium 0/3 
Cadmium 0/3 0/5 
Chromium 0/3 0/9 
Copper 0/3 0/5 
Iron 0/3 
Lead 0/3 
Manganase 0/3 
Mercury 0/3 
Silver 0/3 0/4 
Selenium 0/3 0/5 
Zinc 0/3 0/4 
Gross Alpha 
Gross Beta 
Radium-226 
Radium-228 
Thorium-230 0/3 
Natural Uranium 0/3 
Notes: 


1. Analytes with exceedances of the MGLs are shaded. 
2. MGL is the Maximum Groundwater Limit established 


in accordance with the Permit. = ; 
CanonieEnviromental 


TABLE 2.4 


ANALYTES FOR LABORATORY QA/QC PROGRAM 


Analytes 


Major lons 
pH 
Spec.Cond. 
Alkalinity 
Carbonate 
Bicarbonate 
Chloride 
TDS 

TSS 
Nitrate-as N 
Phosphate-as P 
Sulfate 
Silica 
Calcium 
Magnesium 
Potassium 
Sodium 
Fluoride 


Metals 
Arsenic 
Barium 
Cadmium 
Chromium 
Copper 
Iron 

Lead 
Manganase 
Mercury 
Silver 
Selenium 
Zinc 


Radionuclides 
Gross Alpha 
Gross Beta 
Radium-226 
Radium-228 
Thorium-230 
Natural Uranium 


Spike and Spike 
Replicates 


Sample Type 
Ground Water 
Replicates Blank 


Kx KKK KK KK KK KK KK OK OK OK 
Kx mK KK KK KK KK OK KK KK OK OK 


x KKK KK KK OK OK OK OK 
x KKK KK KK KK OK OK 


x KKK KK 
x KK KK XK 
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Unit of 
Measure 
Major Ions 
Chloride mg/l 
TDS mg/l 
Sulfate mg/l 
Potassium mg/l 
Sodium mg/| 
Metals 
Chromium mg/l 
Iron mg/l 
Manganase mg/\ 
Zinc mg/l 
Radionuclides 
Gross Alpha pci/t 
Natural Uranium mg/l 


Notes: 


TABLE 2.5 


SPIKE SAMPLE RESULTS FOR ACCURACY ASSESSMENT 


Spike Sample No.1 Spike Sample No.2 Spike Sample No.3 
(HER 078) (HER 079) CHER 080) 
Reported Reported Reported 

Spike Value Value RPD Value RPD Value RPD 
50.00 52.00 
1562.00 1500.00 
1000.00 1040.00 
50.00 46.80 
100.00 100.00 
0.10 0.10 
10.00 9.32 
0.30 0.33 
0.25 0.343 


27.08 13 +/- 5 
0.0400 0.0396 


1. RPD = Relative percent difference. 
2. Shaded values are unacceptable accuracy. 
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TABLE 2.6 


COMPARISON OF LABORATORY ACCURACY 


AccuLabs Barringer 
Unit of Reported Reported 
Measure Spike Value Value RPD Value RPD 
Major Ions 
Chloride mg/l 50.00 54.00 8.00 52.67 5.33 
TDS mg/l 1562.00 1500.00 1493.33 4.40 
Sulfate mg/l 1000.00 700.00 1030.00 3.00 
Potassium mg/l 50.00 51.00 46.03 7.93 
Sodium mg/L 100.00 93.00 7.00 98.23 1.77 
Metals 
Chromium mg/l 0.10 0.10 0.00 0.10 
Iron mg/l 10.00 9.10 9.00 9.19 
Manganase mg/l 0.30 0.33 10.00 0.33 
Zinc mg/l 0.25 0.280 100.00 0.343 


Radionuclides 


Gross Alpha pci/l 27.08 26.5 2.14 
Natural Uranium mg/l 0.0400 0.046 15.0 
Notes: 


1. RPD = Relative percent difference. 

2. Shaded values represent unacceptable accuracy. 

3. Reported value for Barringer is the average of the three replicate sample 
values listed in Table 2.5. 
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TABLE 2.7 
REPLICATE SAMPLE RESULTS USED IN 
PRECISION EVALUATION 
Spike Sample Replicates Ground Water Sample Replicates 
HER 078 HER 079 _HER 080_ _ CV _HER 073 HER 074 _ HER 075 _ —: 
PH (pH unit) 7.38 7.38 7.45 0.55 
Spec.Cond. (umhos/cm) 3,470 3,380 3,380 1.52 
Alkalinity 161.00 161.00 157.00 1.45 
Carbonate <1 <1 <1 NA 
Bicarbonate 161.00 161.00 157.00 1.45 
Chloride 52.00 53.00 53.00 1.10 40.00 40.00 40.00 0.00 
TDS 1500 1490 1490 0.39 3,380.00 3,360.00 3,330.00 0.75 
TSS <4 <4 <4 NA 
Nitrate-as N <0.1 <0.1 <0.1 NA 
Phosphate-as P <0.1 <0.1 <0.1 NA 
Sulfate 1040.00 1020.00 1030.00 0.97 1,830.00 2,240.00 2,250.00 11.38 
Silica 13.00 12.70 13.20 1.94 
Calcium 525.00 512.00 524.00 1.39 
Magnasium 177.00 171.00 175.00 1.75 
Potassium 46.80 45.40 45.90 1.54 20.10 19.70 20.00 1.04 
Sodium 100 97.60 97.10 1.58 78.10 74.50 76.90 2.40 
Flouride 1.50 1.50 1.50 0.00 
Arsenic 0.002 0.002 0.002 0.00 
Barium 0.01 0.01 0.01 0.00 
Cadmium <0.005 <0.005 <0.005 NA 
Chromium 0.10 0.10 0.10 0.00 <0.01 <0.01 <0.01 NA 
Copper <0.01 <0.01 <0.01 NA 
Iron 9.32 9.11 9.15 1.21 9.47 9.29 10.40 6.13 
Lead <0.02 <0.02 <0.02 NA 
Manganase 0.33 0.32 0.33 1.77 0.12 0.12 0.12 0.00 
Mercury <0.0002 <0.0002 <0.0002 NA 
Silver 0.01 <0.01 0.01 NA 
Selenium <0.002 <0.002 <0.002 NA 
Zinc 0.343 0.327 0.360 4.81 0.111 0.175 0.105 29.77 
Error Error Error Error Error Error 
Gross Alpha (pCi/l) 13 +/-5 15 +/-4 15 +/- 4 8.06 58.00 +/- 26 62.00 +/- 26 46.00 +/- 24 15.05 
Gross Beta (pCi/I) 51 +/-4 54 +/-4 53 +/- 4 2.90 48.00 +/- 14 35.00 +/- 13 46.00 +/- 14 16.28 
Radium-226 (pCi/l) 3.20 +/- 0.6 2.10 +/- 0.5 2.10 +/-0.5 25.75 
Radium-228 (pCi/l) 1.50 +/- 1.3 0.80 +/- 0.8 1.60 +/- 0.8 33.53 
Thorium-230 (pCi/I) 0.00 +/- 0.5 0.40 +/- 0.6 0.20 +/- 0.5 100.00 
Natural Uranium 0.0396 0.0385 0.0382 1.90 0.0009 0.0011 0.0010 10.00 


Notes: 
1. CV = coefficient of variation. 
2. NA = Not applicable (precision analyses were only performed for analytes showing detectable concentrations). 


3. Concentrations reported in mg/I except where noted. Ca | 1 
4. Error is the counting error at the 95 percent confidence level. noniel nv ironmental 
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FIELD AND TRIP BLANK ANALYTICAL RESULTS 


Field Trip 
Unit of Blank Blank 
Measure HER 076 HER 077 


pH pH unit 
Spec.Cond. umhos/cm 
Alkalinity mg/| 
Carbonate mg/l 
Bicarbonate mg/| 
Chloride mg/| 
TDS mg/l 
TSS mg/l i / 
Nitrate-as N mg/l ocr”, 
Phosphate-as P mg/| tao * K 
Sulfate mgjl \r wer 
Silica mg/| ——— 
Calcium mg/| 
Magnasium mg/| 
Potassium mg/| 
Sodium mg/| ; 
Flouride mg/l 0.10 
Arsenic mg/I 
Barium mg/l 
Cadmium mg/| 
Chromium mg/l 
Copper mg/| 
Iron mg/l 0.03 0.02 
Lead mg/I 
Manganase mg/| 
Mercury mg/l 0.0007 
Silver mg/| 
Selenium mg/l 
Zinc mg/l 0.108 0.100 
Gross Alpha pCi/| 
Gross Beta pCi/| 3.20 
Radium-226 pci/| 0.00 
Radium-228 pCi/| 
Thorium-230 pCcil| 
Natural Uranium mg/| 
Note: Nondetect and zero values are shaded. 
CanonieEnvirmmental 
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energy fuels nuclear, inc. 


one tabor center * suite 2500 (303) 623-8317 
1200 seventeenth street * denver, colorado 80202 twx 910-931-2561 


February 28, 1990 


AG ONT 1B 7P> 
Fes LY 
Ms. Abigail A. Myers > “<3 
Environmental Health Specialist iY si 
Water Permits Unit p= es 
Arizona Department of Environmental Quality Gy ee SY 
2005 North Central Avenue ee) ray Nyy F: 
Phoenix, Arizona 85004 a a 
oO vs at ef S 
Re: Pinenut Mine Groundwater Protection Permit SE 2 (\oe" 
#G-0036-08 eee 


Dear Ms. Myers: 


Enclosed please find Second, Third and Fourth Quarter ana- 
lytical results for the Pinenut Mine monitor well. Also enclosed 
is a duplicate sample taken from the Pinenut Mine monitor well 
for quality control purposes and the annual analytical report for 
Willow Springs annual sampling. 


The dates that samples were taken and sample names as they 
appear on laboratory analytical sheets appear below. 


Second Quarter 5-31-89 PN-40 
Third Quarter 6-29-89 3rd quarter? PN-046 
Fourth Quarter 12-21-89 PN-O55 
Pinenut Duplicate 12-21-89 LC-056 
Fourth Quarter Sample 

Willow Springs Annual 12-28-89 WS-057 
Sampling 


Willow Springs is draws fro the perched aquifer 


Hermit Mine Clean Closure 

International Uranium (USA) Corp 

Energy Fuels Nuclear, Inc. 
Inventory #100299 


s 


mmm lUCeeelC ele 


Ms. Abigail A. Myers 

Environmental Health Specialist 

Water Permits Unit 

Arizona Department of Environmental Quality 
February 28, 1990 

Page Two 


Analysis was performed for the comprehensive list of parame- 
ters given in Part II. B.2.b. of the Groundwater Protection Per- 
mit. Mining has not commenced at the Pinenut Mine and the facil- 
ity is currently being held in a standby status. Therefore, 
monitoring falls into a premining phase as defined in the Ground- 
water Protection Permit. No significant zones of groundwater 
inflow to the shaft occur. 


If you have any questions concerning this matter, please 
contact me at our Denver office. 


Sincerely, ‘ 


Environmental Coordinator 


WJA: vre 
Encl. 


cc: R. A. Munson 
R. B. Smith 


IT MINE 
5-08 


| oe Samp le Groundwater DWR reg # 
Frequency Limits (MGL) 55-518877 


i inity (as CaC03) annually Reserved 


nic quarterly Reserved 

Bar ium quarterly Reserved 
teigarbonate annually Reserved 
jum quarterly Reserved 

a icium annually Reserved 
Carbonate annually Reserved 
or ide annually Reserved 
lomium (total) annually Reserved 
Copper quarterly Reserved 
ride annually Reserved 

n quarterly Reserved 
Lead quarterly Reserved 
nes ium annually Reserved 
ganese quarterly Reserved 
cury quarterly Reserved 
Nitrate as N quarterly Reserved 
i: annually Reserved 
lass ium annually Reserved 
Selenium quarterly Reserved 
Saiver quarterly Reserved 
ica annually Reserved 
Sodium annually Reserved 
Sulfate annually Reserved 


] Dissolved Solids annually Reserved 


a e 


quarterly Reserved 
Specific Conductance annually Reserved 


ss Alpha annually Reserved 


ss Beta annually Reserved 
Total Uranium annually Reserved 
rium 230 annually Reserved 
jum 226 annually Reserved 


| 


Miguel A. Santiago 


Summary of Monitoring Results 
Canyon Mine Monitor Well 


(mg/1) 6/28/88 9/21/88 
Alcalinity 204 218 
as CacoO3 

HCO3 as 204 218 
Caco3 

CO3 as Sia § lL 
Caco3 

NH4 (N) 24 
As <.001 <.001 
B -O08 
Ba - 10 09 
ca -010 ~005 
Ca 46.2 40.6 
cl 6.3 4.6 
cr ~03 ~02 
Condt. 437 452 
(umho/cm) 

Cu <.01 <.01 
F 34 «35 
Fe 224 °23 
Pb 04 <.02 
Mg <a | 28.2 
Mn 04 03 
Hg 0004 ~0005 
Mo <.O1 


12/12/88 


TT A a et ee ae ah a ee ee 


x 


Miguel A. Santiago 


Summary of Monitoring Results 


(mg/1) 


Alcalinity 
as Caco03 


HCO3 as 
Ccaco3 


CO3 as 
Caco3 


NH4 (N) 
As 

B 

Ba 

Cd 

Ca 

cl 

cr 
Condt. 
(umho/cm) 
Cu 

F 

Fe 

Pb 

Mg 

Mn 

Hg 


Mo 


4/28/88 


183 


183 


<1 


<.005 


282 


~0012 


Pinenut Mine: Monitor Well 


6/28/88 


173 


Li3 


<1 


~015 


~02 


~017 


294 


2140 


9/27/88 


2S 


12/12/88 


NO3 (N) 2, % teh ae 
i pH (units) 8.17 6.8 7.52 
| PO4 eA <.01 fel 
K 19.0 18.9 18.7 
| Se .007 .004 024 
S$io2 11.7 10.0 8.64 
| Ag -O1 .O1 02 
l Na 46.4 48.1 51.6 
TDS 1970 2010 1880 
B TSS 14 25 
S04 1210 1290 1160 
| SO3 <2 
Zn O11 6223 061 
U Alpha (pCi/1) 22412 54+17 42+14 
| Beta " 26+8 3847 3347 
Ra-226 " LO+1 1241 1.94 
a Ra-228 " 0.5+0.8 
Th-230 " 0.5+0.5 0.9+0.7 0.5+0.5 
C Pb-210 " 0.4+0.7 
i Po-210 " 0.4+0.4 
U(mg/1) 0.0096 0.0101 .0073 
| 
[ 
@ 
E 
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10/06/89 10: 26 mm30° 67 «1689 BARRINCER ZI04 


18000 W, 6TH AVE. SUITE 300 


tt 
. GOLOCN, COLGRAGO 00401 
PHONE: (209) 277.1887 
BARRINGER LABORATORIES INC 1445 pEMina WAY, SUITE 15 
—_ SPARKS, NEVADA 09491 
PHONE (702) 158.1158 
Energy Fuels Nuclear, Inc. 
P,O. Box 36 
Fredonia, AZ 86022 
ATTN: Larry Casebolt 
Client No. Log No. 344 Client PO No. 
Sample Type: water 
Date Collected: 5/31/89 Dare Received: 6/2/89 Date Reported: 7/21/89 
RESULTS OF ANALYSIS 
Alkalinity HCO CO, As Ba 
Sample as caco, as caco, as caco, Total Total 
Identification mg /1 mg /1 mg/1 ug/l ug/l 
MEROG}L 159 159 <i 006 <.01 
HERO42 209 209 <1 .007 <,01 
PNO4O 204 204 <1 <.00) 01 
ed Ca Cr Cu 
Sample Total Total cl Total Conductance Total 
Identification me / 1 mg/l mg / 1. mg/1 unos /cm wp / 1 
HERO4 1 .005 546 39.6 -O1 3200 .02 
HERO42 005 514 28.4 02 3170 02 
PNO4O .005 181 20.1 <.0Ol 1860 02 
Fe Pb Mg Ma Ny 
Sample F Total Total Total Total Total NO. as N 
Identification ng/t mg/l mg/1 mg/3, mg/L mg/1 ta/l 
HERO41 1.26 9.85 <.02 187 kt .0002 <1 
HEROG2 1,07 1.01 <.02 166 .05 -0003 <1 
PNO40 73 8.52 <.02 127 51 .0002 <1 
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10/06/89 10:27 N30 "7 1689 BARRINCER 
we 
4 
yr 
OP ies Fuels, Inc, 
P.O. Box 36 
Fredonia, AZ 86022 
ATIN: Larry Casebolt 
LGN: 344 
K 
Sample pH PO, as P Total 
Identification units mg / 1 mg/l 
HERO41 7.59 <1 25.7 
HERO42 7.68 <1 32.8 
PNO4O 7.84 <.l 28.9 
an 
Sample TDS TSS so, Total 
Identification mg/l ng/1i mg) mg/l 
HERO41 3470 88 2360 .015 
HERO42 3360 <4 2190 .055 
PNOGO 1610 66 1010 .036 
Gross Alpha Gross Beta 
(Total) (Total) 
Sample pCi/licer pCi/liter 
Identitication tPrecision* +Precision* 
HEROS1 14 + 20 39 + ll 
HERO42 1600 + 100 400 + 20 
PNO4O 65 + 14 44 2 6 


DOS 


Barringer Laboratories 
15000 W. 6th Ayanue 
Suite 300 

Golden, CO 80401 
(303) 2774-1687 


5e Ag Na 
Total $i0 Total Total 
mg/l mg/t mg/1 _mg/1 
-O18 12.1 <,Ol 82.0 
O19 9.37 <.01 134 
.016 8.68 <.01 79.8 
Ra=226 
(Total) 
§ pci/liter 
mg/l +Precision* 
<2 Lad © 0,4 
<2 230 + 10 
<2 LS 
Th-230 ' 
(Total) Uranium 
pCi/liter (Total) 
tPrecision* mg/liter 
0.0 + 0.5 0.0029 
0.1 £ 0.4 0.0245 
0.1 + 0.4 0.0067 


* Variability of the radioactive disintegration process 
(counting error) at the 95% confidence level, 20 


Q8/25789 99:08 @30° %77 1689 BARRINGER @ 002 


18000 W, @TH AVE SUITE 300 
GOLDEN, COLORADO 80401 


PHONE (9031 277.1667 
wy! Di Fl 7 a 
BARR] NGER LA BORATORIES IN C) 1455 DEMING WAY, SUITE 18 
PHONE (702) 360-1188 
| Energy Fuels Nuclear, Inc, 
P.O. Box 36 
Fredonia, AZ 86022 
i ATTN: 
Client No. Log No, 634 Client PO No. 
| Sample Type: water 
A Date Collected: 6/29/89 Date Received: 7/7/89 Date Reported: 8/23/89 
i RESULTS OF ANALYSIS 
fi Alkalinity As 
Sample as CaCc0y HCO3 as CaCO3 CO, as CaCO. Total 
Identification mg/l mg/l mg/l me /1 
5 PNO4G 199 199 <1 002 
Ra [ore] Ca Cr 
fe Sample Total Total Total Chloride Total Conductance 
Identification mg /1 mg/L mg/L me/ 1 mg /1 umho/cm 
5 PNOLE £08 €,UU5 183 18.7 8.0L 1TyU 
Cu Fe Pb Mg Mn 
| Sample Total Fluoride Total Total Total Total 
Identification mg/l te / 1 aye / 1 - mg/l me/1 mg/l 
| PNOLG UL my ie 8.15 €,01 123 -76 
* Variability of the radioactive disintegration process 
(counting error) at the 95% confidence level, 2o 
A db = : ° 
pproved by a BA. pe. 2 of 3 
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Barringer Laboratories 
15000 W. 6th Avenue 
Suite 300 

Golden, CO 8040] 
(303) 277-1687 


Energy Fuels Nuclear, Inc. 
P.O. Box 36 
Fredonia, AZ 86022 


ATTN: 
LGN; 634 
RESULTS OF ANALYSIS (cont'd) 
Hg K 
Sample Total NO3 as N pH FO), as P otal 
Identification mg/ 1 mg/L units mg/2 me /1 
PNOUG <,0002 re! 7.50 <,1 30.7 
Os O40 Ag Ma 
Sample Total Total Total Total TDS 804, 
Identification mg/1 mg/L mg /1 mg/ i mg/l mg/2 
PNOUG6 .008 8.4 <,01 13:1 1640 1030 
Gross Alpha Gross Beta Ra-226 
Zn (Total) (Total) (Total) 
Sample Total pCi/liter pci/liter pedi/liter 
Identification mg/l +Precision* +Precision* +Precision* 
PNO4E 2041 ~ 70 + 16 uB + 6 4 


* Variability of the radioactive disintegration process 
{counting error) at the 95% confidence level, 20 
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Barringer Laboratories 
G 15000 W. 6th Avenue 
Suite 300 
Golden, CO 80401 
i (303) 579-1687 
| Energy Fuels Nuclear, Inc. 
P.0. Bux 36 
5 Fredonia, AZ 86022 
ATTN: 
i LGN: 634 
é RESULTS OF ANALYSIS (cunt'd) 
Mea? 10 
. (Total) Uranium 
Sample pCi/liter (Total) 
Identification +Precision* mg/liter 
PNOL6 0.9 = 0.7 0.0097 


* Variability of the radioactive disintegration process 
(counting error) at the 95% confidence level, 20 
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BARRINGER LABORATORIES INC. 


15000 W. 6TH AVE., SUITE 300 


GOLDEN, COLORADO 


PHONE: 


1455 DEMING WAY, SUITE 15 


SPARKS, NEVADA 


PHONE: 


8-Feb-90 
Bill Almas 
ENERGY FUELS CORPORATION Page: 1 
One Tabor Center Copy: 1 of 3 
1200-17th St. Set : 1 
Suite 2500 
Denver, CO 80202 
Attn: Received: 9-Jan-90 
Project: Fredonia,AZ Purchase order : 
Job: 901794E Status: Final 
Sample Type: Water 
HCO3 NH4 as N As Ba CO3 
as Caco3 Dissolved Dissolved as CaC0O3 
Sample mg/l mg/l mg/l mg/l mg/l 
PN-055 184 <0.1 0.009 <0.01 <0.5 
LC-056 184 <0.1 0.010 0.03 <0.5 
Cd Ca cl cr Specific Cu 
Dissolved Dissolved Dissolved Conductance Dissolved 


Sample mg/l mg/l mg/l mg/l umho/cm mg/l 


PN-055 <0.005 
LC-056 <0.005 
Fedonia Office 
F 
Sample mg/l 
PN-055 0.8 
LC-056 0.8 
pH 
Sample unit 
PN-055 7.18 
LC-056 7.19 
Na 
Dissolved 
Sample mg/l 
PN-055 79.3 
LC-056 78.7 


ADVANCED 


172 
176 


Fe 


Dissolved 


mg/l 


PO4 as P 


mg/l 


TDS 


mg/l 


1610 
1600 


21 
21 


Pb 


<0.01 
<0.01 


Mg 


2059 
2059 


Mn 


<0.01 
<0.01 


Hg 


Dissolved Dissolved Dissolved Dissolved 


mg/l mg/l mg/l mg/l 


<0.02 
<0.02 


K 


120 
121 


Se 


0.49 
0.47 


$i02 


0.0003 
0.0002 


Ag 


Dissolved Dissolved Dissolved Dissolved 


<0.01 
<0.01 


Error 
20% 


+9 


—_mg/l = _semg/l ss —¥_ mg/l SC §Semg/l 
30.1 0.009 8.4 
29.7 0.010 8.7 
So4 zn Gross Alpha 
Dissolved Dissolved 
Wig/i . —e/) Bei. 
1010 0.009 12 
1020 0.016 22 


+10 


TECHNIQUES AND INSTRUMENTATION FOR THE EARTH SCIENCES 


(303) 277-1687 


(702) 358-1158 


BARRINGER LABORATORIES INC. 


15000 W. 6TH AVE., SUITE 300 
GOLDEN, COLORADO 80401 
PHONE: (303) 277-1687 


1455 DEMING WAY, SUITE 15 
SPARKS, NEVADA 89431 
PHONE: (702) 358-1158 


8-Feb-90 
Bill Almas 
ENERGY FUELS CORPORATION Page: 2 
One Tabor Center Copy: 1of 3 
1200-17th St. Set : 1 
Suite 2500 
Denver, CO 80202 
Attn: Received: 9-Jan-90 
Project: Fredonia,AZ Purchase order : 
Job: 901794E Status: Final 
Sample Type: Water 

Gross Beta Error Ra-226 Error Th-230 Error 

Dissolved Dissolved Dissolved 
Sample pci/l 20% pci/l 20% pci/l 20* 
PN-055 32 +6 3.7 +0.6 0.0 +0.4 
LC-056 40 +6 4.1 +0.7 0.3 +0.5 

U U 
Dissolved Total 


Sample mg/l mg/l 


PN-055 
LC-056 


0.0044 
0.0015 


0.0059 
0.0030 


ADVANCED TECHNIQUES AND INSTRUMENTATION FOR THE EARTH SCIENCES 


15000 W. 6TH AVE., SUITE 300 
GOLDEN, COLORADO 80401 
PHONE: (303) 277-1687 
BARRINGER LABORATORIES INC. ig ei Wik: Gini 
SPARKS, NEVADA 89431 
PHONE: (702) 358-1158 


8-Feb-90 

Bill Almas 
ENERGY FUELS CORPORATION Page: 3 
One Tabor Center Copy: 1of 3 
1200-17th St. Set : 1 
Suite 2500 
Denver, CO 80202 
Attn: Received: 9-Jan-90 
Project: Fredonia,AZ Purchase order : 
Job: 901794E Status: Final 
Abbreviations: 
Analyses: 

NH4 as N : Ammonia 

As : Arsenic 

Ba : Barium 

HCO3 : Bicarbonate 

ca : Cadmium 

Ca : Calcium 

cl : Chloride 

Cr : Chromium 

Cu : Copper 

F : Fluoride 

Fe : Iron 

Pb : Lead 

Mg : Magnesium 

Mn : Manganese 

Hg : Mercury 

P04 as P : Phosphate 

K : Potassium 

Se : Selenium 

$i02 : Silica 

Ag : Silver 

Na : Sodium 

TDS : Total Dissolved Solids 

S04 : Sulfate 

zn : Zinc 

Ra-226 : Radium-226 

Th-230 : Thorium-230 

U : Uranium 


ADVANCED TECHNIQUES AND INSTRUMENTATION FOR THE EARTH SCIENCES 


Bill Almas 


ENERGY FUELS CORPORATION 


One Tabor Center 
1200-17th St. 
Suite 2500 
Denver, CO 80202 


Attn: 


Project: Fredonia,AZ 


Job: 901794E 


Abbreviations: 
Units: 


mg/1 
umho/cm 
pci/l 
20* 


Quality control: 


< : 


Signed: 


eoeceeeeeee ye 


Gary Zito 


Laboratory Supervisor 


BARRINGER LABORATORIES INC. 


Purchase order 


milligrams per liter 
micromhos per centimeter at 


picoCuries per liter 
* Counting error at the 95% confidence level, 20 


less than 


15000 W. 6TH AVE., SUITE 300 
GOLDEN, COLORADO 80401 
PHONE: (303) 277-1687 


1455 DEMING WAY, SUITE 15 
SPARKS, NEVADA 89431 
PHONE: (702) 358-1158 


8-Feb-90 
Page: 4 
Copy: 1o0f 3 
Set : 1 


Received: 9-Jan-90 


Final 
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BARRINGER LABORATORIES INC. 


15000 W. 6TH AVE., SUITE 300 
GOLDEN, COLORADO 80401 
PHONE: (303) 277-1687 


1455 DEMING WAY, SUITE 15 
SPARKS, NEVADA 89431 
PHONE: (702) 358-1158 


8-Feb-90 

Bill Almas 
ENERGY FUELS CORPORATION Page: 5 
One Tabor Center Copy: 1of 3 
1200-17th St. 
Suite 2500 
Denver, CO 80202 
Attn: Received: 9-Jan-90 
Project: Fredonia,AZ Purchase order : 
Job: 901794E Status: Final 

QUALITY CONTROL DATA SHEET 
Time Received: 9:00 Date: 1/9/90 By: T. Moncrief Via: UPS 


Sample Container Type: large cube 
Sample Type: water 


Preservative When Received: 1. HNO3 2. H2S04 3. None 4. HaOH/ZNO Ac 


Additional Lab Preparation: none 


Parameter Ref Method LLD Preservative Analyst 
NH4 1 350.1 -1 mg/l 2 Hobbs 
F 1 340.2 -01 mg/l 3 Ryman 
pH 1 150.1 -01 mg/l 3 Ryman 
cl 1 325.2 1 mg/l 3 Hobbs 
Conductance 1 1201 -001 mg/l 3 Ryman 
HCO3asCacoO3 1 210.1 1 mg/l 3 Acree 
PO4 1 365.1 -1 mg/l 3 Acree 
Ba 1 200.7 -01 mg/l 1 Hidalgo 
Cd 1 200.7 -005 mg/l 1 Hidalgo 
Ca | 200.7 -01 mg/l 1 Hidalgo 
Cr “ 200.7 -01 mg/l af Hidalgo 
Cu 1 200.7 -01 mg/l 1 Hidalgo 
Fe 1 200.7 -01 mg/l 1 Hidalgo 
Pb 1 200.7 -001 mg/l i. Hidalgo 


Date(s) of 
Analysis 


1/11 
1/11 
1/11 
1/2 
1712 
1/15 
1/25 
1/26 
1/26 
1/26 
1/26 
1/26 
1/26 
1/26 
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Suite 2500 
Denver, CO 80202 
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Project: Fredonia,AZ Purchase order : 
Job: 901794E Status: Final 


QUALITY CONTROL DATA SHEET (Cont'd) 


Dates(s) of 


Parameter Ref Method LLD Preservatives Analyst Analysis 
Mg 1 200.7 -01 mg/l 1 Hidalgo 1/26 
Mn 1 200.7 -01 mg/l 1 Hidalgo 1/26 
K 4 200.7 -5 mg/l i Hidalgo 1/26 
$i02 1 200.7 -01 mg/l 1 Hidalgo 1/26 
Ag 1 200.7 -01 mg/l 1 Hidalgo 1/26 
Se wt 270.2 .001 mg/l 1 Gilleland 1/30 
As 1 206.2 .001 mg/l 1 Gilleland 1/31 
Hg 1 245.1 .0002 mg/l 1 Swanson 2/5 
S04 1 375.3 5 mg/l 3 Acree 1/12 
TDS 1. 160.1 10 mg/l 3 Acree 1/12 
Na iL 200.7 -01 mg/l il Hidalgo 1/26 
an 1 200.7 .005 mg/l 1 Hidalgo 1/26 
Gr. Alpha 4 900.0 1.0 peisl 3 Jackson 1/12-1/22 
Gr. Beta 4 900.0 2-0 pCi/s1 3 Jackson 1/12-1/22 
Ra-226 4,7,14 SM-705 0.2 pCi/1l 3 Howard 1/18-1/22 
Th-230 11 wee 0.2 pCi/l 3 Ortiz 1/15-1/18 
U 4,9,10,14 ASTMD2907 0.3 ug/l 3 Tonning 1/16-1/22 
wrong 
DUPLICATES 
Sample Relative Deviation 

Identification Parameter Result Result % From Mean 
LC-056 NH4 <.1 So L 0 

a F 76 ~76 0 

i" cl 21 21 (6) 

" PO4 <.1 Sie: A: 0) 

” Ba -03 -03 0) 

" cd <.005 <.005 0 

ft Ca 176 178 0.9 

» cr <.01 <.01 0) 

” Cu <.01 <.01 (0) 

" Fe 8.65 8.70 0.6 

- Pb S402 <.02 0) 


ADVANCED TECHNIQUES AND INSTRUMENTATION FOR THE EARTH SCIENCES 


Bill 


Almas 


ENERGY FUELS CORPORATION 
One Tabor Center 
1200-17th St. 


BARRINGER LABORATORIES INC. 


15000 W. 6TH AVE., SUITE 300 
GOLDEN, COLORADO 80401 
PHONE: (303) 277-1687 


1455 DEMING WAY, SUITE 15 
SPARKS, NEVADA 89431 
PHONE: (702) 358-1158 


8-Feb-90 


Page: 8 
Copy: 1of 3 


Suite 2500 

Denver, CO 80202 

Attn: Received: 9-Jan-90 

Project: Frednia,AZ Purchase order : 

Job: 901794E tatus: Final 
DUPLICATES (Cont'd) 

Sample Relative Deviation 
Identification Parameter Result Result % From Mean 
LC-056 Mg 120 120 0 

"Why do we care what Mn -47 ~47 fe) 
"the Fredonia’s office’s K 29.7 29.6 0.3 
"water? $i02 8.7 8.7 (@] 
w= = Which aquifer is it Ag <.01 <.01 fe) 
w= = drawing from? Se .010 .008 22 
" As -0O11 -O11 0 
" Hg .0002 .0002 ) 
" S04 1021 989 3 
Ue TDS 1598 1592 4 
u Na 78.7 77.4 0.8 
" zn -016 016 (@) 


Parameter Result 
NH4 2.16 
F -51 
cl 25.96 
PO4 ~49 

Ba -98 

Cd -215 
Ca 2.06 
Cr - 203 
Cu - 200 
Fe -210 
Pb -205 
Mg 2.05 
Mn ~207 

K 10.2 


QUALITY CONTROL STANDARDS 


Relative Deviation 
% From Known 


Cert. 
Result 


1.78 - 

°45 - 
24.1 - 

46 - 

-90 - 
-180 - 
1.80 - 
-180 - 
-180 - 
-180 - 
-180 - 
1.80 - 
-180 - 
9.0 - 


Target Range 


2.18 
-55 

27.7 
54 

1.10 
-220 
2.20 
-220 
-220 
-220 
-220 
2.20 
-220 
11.0 


9 
2 


3 


What known? 


° 


Spike % 
Recovery 


94 
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15000 W. 6TH AVE., SUITE 300 
GOLDEN, COLORADO 80401 
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Bill Almas 
ENERGY FUELS CORPORATION Page: 8 
One Tabor Center Copy: 1 of 3 
1200-17th St. 
Suite 2500 
Denver, CO 80202 
Attn: Received: 9-Jan-90 
Project: Fredonia,AZ Purchase order : 
Job: 901794E Status: Final 


QUALITY CONTROL STANDARDS (Cont'd) 
What known? 


Cert. Relative Deviation Spike % 
Parameter Result Result Target Range % From Known Recovery 
$io2 1.01 1.07 96 = 1.18 5.9 iemen 
Ag 94 1.00 -90 - 1.10 6.0 101 
Se -021 «025 .017 = .028 LZ —— 
As -100 -100 -080 - .118 6) === 
Hg -005 -005 -004 - .006 6) 100 
S04 1060 1000 900 - 1100 6 === 
TDS 1484 1479 1331 - 1627 a — 
Na 84 -86 «76 = «96 2.0 oon 
zn -211 -200 -180 - .220 5.5 109 
Gr. Alpha 173 +4 198 178 - 218 13 << 
Gr. Beta 180 + 2 L7a 156 - 190 4.0 aa 
Ra-226 108 + 3 101 96 - 106 7.0 em 
Th-230 104 + 3 99 94 - 104 51 <i 
U 33 34 32 = 36 2.9 am 


Approved by: | ae 


cc: Larry Casebolt, ENERGY FUELS NUCLEAR 
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15000 W. 6TH AVE., SUITE 300 
GOLDEN, COLORADO 80401 
PHONE: (303) 277-1687 


BARRINGER LABORATORIES INC. M455 DEMING WAY, SUITE 15 
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9-Feb-90 
Bill Almas 
ENERGY FUELS CORPORATION Page: al 
One Tabor Center Copy: 1of 3 
1200-17th St. Set : dL, 
Suite 2500 
Denver, CO 80202 
Attn: Received: 5-Jan-90 
Project: Purchase order : 
Job: 901779E Status: Final 
Sample Type: Water 
HCO3 NH4 as N As Ba CO3 cd Ca 
as Cac03 Diss. Diss. as CaCO3 Diss. Diss. 
Sample mg/l mg/l mg/l mg/l mg/l mg/l mg/l 
WS-057 Willow Springs 84 <O.1 0.005 <0O.01 <0.5 <0.005 482 
CN-058 Canyon Mine 212 <0O.1 0.001 0.07 <0.5 <0.005 44.3 
cl cr Conductance Cu F Fe Pb Mg 
Diss. Diss. Diss. Diss. Diss. 
Sample _mg/l mg/l umho/cm mg/l mg/l mg/l mg/l mg/l 
WS-057 47 <0.01 3213 <0.01 0.9 0.13 <0.02 205 
CN-058 8 <0.01 464 <0.01 0.3 0.12 <0.02 30.3 
Mn Hg PH P04 as P_ K Se $io2 Ag 
Diss. Diss. Diss. Diss. Diss. Diss. 
Sample _mg/l mg/l unit mg/l mg/l mg/l mg/l mg/l 
WS-057 <0.01 <0.0002 Veb2 <0.1 11.8 0.048 12.5 <0.01 
CN-058 0.04 <0.0002 7.53 <0O.1 2.4 0.002 9.9 <0.01 
Na TDS S04 zn Gross Alpha Error 
Diss. Diss. Dissolved 
Sample _mg/l mg/l mg/l mg/l pci/l 20% 
WS-057 54.2 3150 2150 5.97 32 +17 
CN-058 -014 224 18 0.046 19 +4 
Gross Beta Error Ra-226 Error Th-230 Error 
Dissolved Dissolved Dissolved 
Sample pci/l 20% pci/l 20% pci/l 20* 
WS-057 36 +10 0.1 +0.2 0.2 +0.4 
CN-058 5.9 £147 1.3 +0.4 0.0 +0.3 
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15000 W. 6TH AVE., SUITE 300 
GOLDEN, COLORADO 80401 
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Bill Almas 
ENERGY FUELS CORPORATION Page: 2 
One Tabor Center Copy: 1of 3 
1200-17th St. Set : L 
Suite 2500 
Denver, CO 80202 
Attn: Received: 5-Jan-90 
Project: Purchase order ;: 
Job: 901779E Status: Final 


Sample Type: Water 


U U 
Dissolved Total 
Sample mg/l mg/l 
WS-057 0.019 0.0192 
CN-058 0.016 0.017 


ADVANCED TECHNIQUES AND INSTRUMENTATION FOR THE EARTH SCIENCES 


Bill Almas 


BARRINGER LABORATORIES INC. 


ENERGY FUELS CORPORATION 


One Tabor Center 


1200-17th St. 
Suite 2500 


Denver, CO 80202 


Attn: 
Project: 


Job: 901779E 


Abbreviations: 


Analyses: 


HCO3 

NH4 as N 
As 

Ba 

C03 

cd 


Hg 

PO4 as P 
K 

Se 
$i02 
Ag 

Na 

TDS 
SO4 

zn 
Ra-226 
Th-230 
U 


Purchase order 


Bicarbonate 
Ammonia 
Arsenic 
Barium 
Carbonate 
Cadmium 
Calcium 
Chloride 
Chromium 
Copper 
Fluoride 
Iron 

Lead 
Magnesium 
Manganese 
Mercury 
Phosphate 
Potassium 
Selenium 
Silica 
Silver 
Sodium 
Total Dissolved Solids 
Sulfate 
Zinc 
Radium-226 
Thorium-230 
Uranium 


16000 W. 6TH AVE., SUITE 300 
GOLDEN, COLORADO 80401 
PHONE: (303) 277-1687 


1455 DEMING WAY, SUITE 15 
SPARKS, NEVADA 89431 
PHONE: (702) 358-1158 


9-Feb-90 


Page: 3 
Copy: 1of 3 
Set ; nk 


Received: 5-Jan-90 


Status: Final 
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15000 W. 6TH AVE., SUITE 300 
GOLDEN, COLORADO 80401 
PHONE: (303) 277-1687 
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9-Feb-90 

Bill Almas 
ENERGY FUELS CORPORATION Page: 4 
One Tabor Center Copy: 1o0f 3 
1200-17th St. Set : 1 
Suite 2500 
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Attn: Received: 5-Jan-90 
Project: Purchase order : 
Job: 901779E Status: Final 
Abbreviations: 
Units: 

mg/l : milligrams per liter 

pmho/cm : micromhos per centimeter at 25C 

peci/i : picoCuries per liter 

20% : * Counting error at the 95% confidence level, 20 
Quality control: 

< : less than 


ae - - ao ees 


Gary Zito 
Laboratory Supervisor 
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15000 W. 6TH AVE., SUITE 300 
GOLDEN, COLORADO 80401 
PHONE: (303) 277-1687 


BARRINGER LABORATORIES INC. 1455 DEMING WAY. SUITE 18 


SPARKS, NEVADA 89431 
PHONE: (702) 358-1158 


9-Feb-90 

Bill Almas 
ENERGY FUELS CORPORATION Page: 5 
One Tabor Center Copy: 1of 3 
1200-17th St. 
Suite 2500 
Denver, CO 80202 
Attn: Received: 5-Jan-90 
Project: Purchase order : 
Job: 901779E Status: Final 

QUALITY CONTROL DATA SHEET 
Time Received: 9:00 Date: 1/5/90 By: T. Moncrief Via: UPS 


Sample Container Type: large cube 

Sample Type: water 

Preservative When Received: 1. HNO3 2. H2S04 3. None 4. NAOH/Zn Ac 
Additional Lab Preparation: none 


Date(s) of 
Parameter Ref Method LLD Preservative Analyst Analysis 
Cl 1 325.2 1 mg/l 3 Hobbs 1/10 
NH4 1 3:50... 1. -1 mg/l 2 Hobbs 1/11 
Conductance 1 1201 .001 mg/l 3 Ryman 1/11 
F a, 340.2 .05 mg/l a Ryman Lf Ld, 
PH 1 150.1 .01 mg/l 3 Ryman 1/11 
TDS 1 160.1 10 mg/l 3 Acree 1/12 
HCO3asCaCcoO3 1 210.1 1 mg/l 3 Acree 1/15 
PO4 cE 365.1 -1 mg/l 3 Hobbs 1/25 
Ba 1 200.7 .01 mg/l 1 Hidalgo 1/26 
Cd 1 200.7 .005 mg/l 1 Hidalgo 1/26 
Ca a) 200.7 .01 mg/l ll Hidalgo 1/26 
cr 1 200.7 .01 mg/l 1 Hidalgo 1/26 
Cu 1 200.7 .01 mg/l 1 Hidalgo 1/26 
Fe 1 200.7 .01 mg/l 1 Hidalgo 1/26 
Pb Zi 200.7 .001 mg/l 1 Hidalgo 1/26 
Mg 1 200.7 .01 mg/l 1 Hidalgo 1/26 
Mn 1 200.7 .01 mg/l 1 Hidalgo 1/26 
K 1 200.7 -5 mg/l 1 Hidalgo 1/26 
Sio02 | 200.7 .01 mg/l i Hidalgo 1/26 
Ag 1 200.7 .01 mg/l 1 Hidalgo 1/26 
As 1 206.2 .001 mg/l i Gilleland 1f31 
Se 1 270.2 .001 mg/l 1 Gilleland 1/30 
Hg 1 245.1.0002 mg/l 1 Swanson 2/1 


ADVANCED TECHNIQUES AND INSTRUMENTATION FOR THE EARTH SCIENCES 


Bill Almas 


ENERGY FUELS CORPORATION 


One Tabor Center 
1200-17th St. 


Suite 2500 
Denver, CO 


Attn: 
Project: 


80202 


Job: 901779E 


BARRINGER LABORATORIES INC. 


15000 W. 6TH AVE., SUITE 300 
GOLDEN, COLORADO 80401 
PHONE: (303) 277-1687 


1455 DEMING WAY, SUITE 15 
SPARKS, NEVADA 89431 
PHONE: (702) 358-1158 


9-Feb-90 


Page: 6 
Copy: 1of 3 


Received: 5-Jan-90 


Purchase order : 


Status: Final 


QUALITY CONTROL DATA SHEET (Cont'd) 


Date(s) of 
Parameter Ref Method LLD Preservatives Analyst Analysis 
SO4 1 375.3 5 mg/l 3 Acree 1/12 
Na 1 200.7 .01 mg/l 1 Hidalgo 1/26 
zn 1 200.7 .005 mg/l -L: Hidalgo 1/26 
TDS 1 160.1 10 mg/l 3 Acree 1/12 
Gr. Alpha 4 900.0 1.0 pCi/l 3 Kidwell 1/11-1/22 
Gr. Beta 4 900.0 2.0 pCi/l 3 Kidwell 1/11-1/22 
Ra-226 4,7,14 SM-705 0.2 pCi/l 3 Howard 1/16-1/18 
Th-230 1% --- 0.2 pci/l 3 Ortiz 1/10-1/12 
U 4,9,10,14 ASTMD2907 0.3 ug/l 3 Krizman 1/10-1/12 
DUPLICATES 
Sample Relative Deviation 
Identification Parameter Result Result % From Mean 
CN-058 cl 7.9 7.9 6) 
” NH4 63. <.1 0 
it F -30 229 3 
i TDS 224 216 4 
WS-057 HCO3 83.6 81.6 2 
CN-058 PO4 <.1 <.1 0 
" Ba -07 -07 ce) 
" cd <.005 <.005 0 
uy Ca 44.3 42.7 3.6 
Ne cr <.01 <.01 0 
i Cu <.01 <.01 0) 
u Fe «i2 -11 9 
" Pb <.02 <.02 0 
" Mg 30.2 29.9 1.0 
" Mn -04 -03 === 
u K 2.4 21 <== 
i $i02 9.9 9.7 2.0 
es Ag <.01 <.01 (e) 
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Project: Purchase order : 
Job: 901779E Status: Final 

DUPLICATES (Cont'd) 

Sample Relative Deviation 
Identification Parameter Result Result % From Mean 
CN-058 As -001 -001 6) 

" Se 0482 -O51 6 

" Hg <.0002 <.0002 0 

" S04 18 17 6 

" Na 5.97 5.98 0.2 

zn -046 -004 4.3 

- TDS 224 216 4 
WS-057 Ra-226 0.1 + 0.2 0.1 t OL 0 
CN-058 Ra-226 1.0 + 0.3 1.6 + 0.4 23 

QUALITY CONTROL STANDARDS 
Cert. Relative Deviation Spike % 

Parameter Result Result Target Range % From Known Recovery 
cl 24.8 26.05 24.1 - 27.7 5 88 
NH4 2.08 1.98 1.78 - 2.18 5 == 
F ~S1 -50 +45 — «55 2 << 
TDS 1484 1479 1331 - 1627 3 === 
PO4 -49 -50 -46 - .54 2 == 
Ba ~99 1.00 -90 - 1.10 1.0 99 
Cd -215 - 200 -180 - .220 13 105 
Ca -214 -200 -180 - .220 7.0 <= 
Cr -210 - 200 -180 - .220 5.0 103 
Cu -202 -200 -180 - .220 1.0 100 
Fe -210 -200 -180 - .220 5.0 112 
Pb - 206 -200 -180 - .220 3.0 102 
Mg -210 - 200 -180 - .220 5.0 === 
Mn 2212 -200 -180 - .220 6.0 103 
K 10.2 10.0 9.0 - 11.0 2.0 104 
$i02 1.00 1.07 -96 - 1.18 6.9 114 


ADVANCED TECHNIQUES AND INSTRUMENTATION FOR THE EARTH SCIENCES 


SPARKS, NEVADA 89431 . 
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BARRINGER LABORATORIES INC. 


Bill Almas 

ENERGY FUELS CORPORATION Page: 

One Tabor Center Copy: 1 of 3 
1200-17th St. 

Suite 2500 

Denver, CO 80202 

Attn: Received: 5-Jan-90 
Project: Purchase order : 

Job: 901779E Status: Final 


QUALITY CONTROL STANDARDS (Cont'd) 


Cert. Relative Deviation Spike % 

Parameter Result Result Target Range % From Known Recovery 
Ag 95 1.00 -90 = 1.10 5.0 100 
As -100 - 100 -080 - .118 0 ——— 
Se -021 -025 -017 - .028 L7 amie 
Hg -005 -005 -004 - .006 0) 80 
S04 1060 1000 900 - 1100 6 === 
Na -85 - 86 -76 - .96 1.0 92 

zn -214 -200 2180 = «220 7.0 106 
TDS 1484 1479 1332, — 1627 23 ainda 
Gr. Alpha 115 23 110 99 - 121 4.6 ad 
Gr. Beta 172 + 2 173 156 - 190 0.6 ania 
Ra-226 101 +3 101 96 - 106 0.0 mead 
Th-230 100 + 3 99 94 - 104 1.0 cade 
U 33 34 32 = 36 2.9 amie 


Approved by: ae 


cc: Larry Casebolt, ENERGY FUELS NUCLEAR 
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RECEIVED 


WATER PERMITS 
WNIT 


HERMIT MINE 
GROUNDWATER MONITORING REPORT 


MINING AND POST MINING PHASE 


First Quarter, 1990 
Second Quarter, 1990 


Oo 
; 
: 


Hermit Mine 
Groundwater Monitoring Report 
Fourth Quarter, 1989 
First & Second Quarter, 1990 


Introduction 


The Hermit Mine operates under the terms and conditions of the 
Hermit Mine Groundwater Protection Permit #G-0035-08. Section II 
B.1.b of the Permit outlines groundwater monitoring actions which 
must be taken during mining operations. This report presents and 
summarizes groundwater monitoring data during the first and 


second quarter of 1990. 


Events During Report Period 


On January 31, 1990, the last ore was hoisted from the Hermit 
Mine. A mine abandonment plan, describing proposed procedures 
for closure, was submitted to Arizona Department of Environmental 
Quality (CADEQ) on February 19, 1990. Pumping to surface contain- 
ment ponds ceased on February 7, 1990. At the time of this 


writing, closure procedures are in progress. 


Sample Descriptions 


Table I shows a summary of all Phase II and III groundwater 
monitoring samples associated with the Hermit Mine to date. Four 
monitoring samples are being presented as part of this Report. 
Samples HER 061 and HER 064 are First Quarter, 1990 and Second 
Quarter, 1990 samples respectively, taken from the supply/moni- 
toring well, Registry #55-518877. Sample HER 059 represents the 
First Quarter, 1990 mine sump sample (final sump sample). HERO 
62 is a split sample of HER 061. HERO 62 was taken as a compar- 
ison and quality control check. HERO 62 was collected at the 
same time and following the same procedures as HER O61, but was 
sent to a different laboratory for analysis. 
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Water Quality Results 


Table II, Mining Water Quality Results, presents a comparison of 
monitor well water quality analysis results to Maximum Ground- 
water Limits as determined following procedures in the Ground- 
water Protection Permit. Table II summarizes parameters which 
indicated exceedances of Maximum Groundwater Limits, as defined 


in the Groundwater Protection Permit. 
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Summary of Phase II (fining) Groundwater Sampling 


Sample Sample Sample 
Date Number Purposes 
06-27-89 HER 043 Mine Sump 
06-29-89 HER 044 Monitor Well 
06-27-89 HER 045 Shaft Sample 
09-21-89 HER 048 Monitor Well 
09-21-89 HER 049 Sump Sample 
09-21-89 HER O50 Shaft Sample 
10-19-89 HER 051 Confirmation 
Sample 
10-02-89 HER 18-45 Septic Sample 
12-07-89 HER 052 Monitor Well 
02-13-90 HER 059 Sump Sample 


Sampling 
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Parameters 


Monitor 
Period 


2 Quarter 
2 Quarter 
2 Quarter 
3°? Quarter 
3” Quarter 
3 Quarter 
2 Quarter 


Annual 
Fg Quarter 


1S* Quarter 


Summary of Phase III (Post Mining) Groundwater Sampling 


03-28-90 HER O61 Monitor Well 
03-28-90 HERO 062 Monitor Well 
04-27-90 HER 064 Monitor Well 


IIT.A.2.b 
Il .A.2.b 


TT As 2.b 


1S* Quarter 
Split Sample 
CHER 061) 

2"? Quarter 
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TABLE II ¢ <4\ Ke 
i : ; ; Yi9 29 Hf) = 
[ z = fix ! = 
Summary of Exceedances of ta Ly MRS ~ 

4 a 

Maximum Groundwater Limits, es, wy 

Mining and Post Mining Phase Eleg25\ Se 
Parameters Amount of Exceedance (mg/1i) 


HER 044 HER 048 HER 051 HER O52 HER O61 HER 064 


Fe 0.79 0.39 2.290 1.989 
Mn 0.043 0.30 0.20 0.063 0.033 
Zn 0.069 
U (Tot.)> .0005 0.003 0.0034 0.021 0.0006 0.005 
Alk -(1) 9.25 
Cl - 7.82 
Mg = 2.0 
K “= 2.93 15.50 
Na - 16.28 52.27 
Gross Beta, = 10.52 24.51 
pCci/i 
Ra226,pCi/1 = 28.63 
pH, Units _ 0.07 0.44 0.127 1.31 


1) Analysis not performed for these parameters. 
Analysis performed for the parameters listed in Section 


Il,B.2.a. 


— 2 = as Op eS oe ee 


SUMMARY OF MINING/PREMINING GROUNDWATER ear 


— 


h, 
HERWIT MINE MINING/PREMINING PHASE GRY QUALITY 3-JUL-90 11:20:14 Pg 1 M4 
{2 
PARAMETERS, PREMINING SAMPLE RESULTS SAMPLE RESULTS SAMPLE RESULTS SAMPLE RESULTS SAMPLE RESULTS SAMPLE RESULTS SAMPLE RESULTS MAXIMUM F 
UNITS SAMPLE STANDARD HER 044 HER 048 HER 051 HER 052 HER 061 HER 64 ACCEPTABLE } 
MEAN DEVIATION 06-29-89 09-21-89 10-19-89 12-07-89 03-28-90 04-27-90 VALUE i 
ih 
As,mg/ | 0.012 0.0060 0.004 0.008 0.022 0.0080 0.003 <0.001 0.0241 } 
Ba,mg/| 0.022 0.0179 0.02 0.02 0.01 0.0200 0.03 0.0100 0.0578 - 
Cd,mg/ 1 0.005 0.0112 0.006 «0.005 «0.005 0.005 0.009 0.0070 0.0274 3 
Cu, mg/| 0.022 0.0110 0.02 «0.01 «0.01 0.0200 0.04 «0.01 0.0439 ia 
Fe,mg/! 6.98 2.1157 12 11.6 4.71 1.1300 13.5 13.2000 11.2114 f 
Pb, mg/ | 0.03 0.0671 «0.02 (0.02 «0.02 «0.02 0.02 «0.02 0.1642 x 
Mn , mg/| 0.108 0.0404 0.23 0.49 0.39 0.2500 0.22 0.1800 0.1867 ‘ 
Hg, mg/! 0.00054 0.0005 {0.0001 «0.0001 {0.0002 0.0002 0.0003 «0.0002 0.0016 ie 
Se, mg/l 0.0152 0.0138 0.02 0.009 0.023 0.0060 «0.001 «0.001 0.0428 fr 
Ag,mg/ 0.01 0.0100 «0.01 (0.01 0.01 0.01 {0.01 0.0300 : 
Zn,mg/| 0.0678 0.0603 0.077 «0.005 0.013 0.2580 0.028 «0.005 0.1885 hi 
U, Total mg/! 0.0025 0.0003 0.0035 0.0043 0.0064 0.024 0.0036 0.0080 0.0030 : 
Alk as CaC03,mg/! 157.4 1.6733 150 155.0000 149 170.0000 160.7466 I 
HC03 as CaC03,mg/| 157.4 1.6733 150 150 155 149 170.0000 160.7466 : 
C03, mg/I 0 0.0000 «1 a 0.0000 i 
Ca,mg//I 547 36.5718 542 547 466 .0000 609 610.0000 620.1437 Hy 
Cl ,mg/I 41.2 1.4370 40 39 52.0000 38 41.0000 44.0740 i’ 
Cr,mg/| 0.08 0.0663 «0.01 0.01 <0.01 «0.01 «0.01 0.2127 i) 
F,mg/I 1.37 0.0815 1.28 1.43 1.3000 1.4 1.4000 1.5331 K 
Mg, mg/1 181.6 8.9331 186 201 155.0000 186 186 .0000 199.4662 f? 
P04, mg/! 0 0.0000 (0.1 «0.1 «0.1 0.2 0.3000 0.0000 © 
K,mg/I 23.28 2.6957 24.2 31.6 44.5000 24.2 22.5000 28.6715 r 
$i02,mg/I 12.42 0.9602 11.5 9.8 8.9000 13.6 13.3000 14.3404 iH 
Na,mg/! 74.8 5.4649 76 102 138.0000 72.6 82.6000 85.7298 fi 
$04,mg/1 2226 99.3982 2280 2280 2280 .0000 2290 1150.0000 2424 7964 p 
TDS, mg/ 3456 29 6648 3440 3220 33100000 3430 3320 .0000 3515 .3296 £ 
N03 as N,mg/I 0.14 0.3130 «0.1 «0.1 «0.1 «0.1 «0.1 0.7661 6 
Gross alpha,pCi/I 20.4 31.7616 28 19 78 22.0000 21 44.0000 83.9232 fh 
Gross beta,pCi/I 33 5.2440 40 41 54 68.0000 40 35.0000 43.4881 } 
Th230,pCi/I 0.34 0.3286 0.2 0 3.1000 0 0.9000 0.9973 h 
Ra226,pCi/I| 1.96 1.2054 3.3 0.8 2.4000 36 1.7000 4.3708 Hl 
Electrical conductivity, 3324 115.4556 3470 3600 3470 .0000 3330 3318 .0000 3554.9112 I 
umhos/cm 0 0.0000 * 
pH, units 7.5525 0.3500 6.92 7.2900 6.98 8.1600 6.8525 r 
TSS, mg/I 32.25 37.3486 59 93.0000 0.0000 
U,Dissolved mg/| 0.0015 0.003 0.0005 0.0010 


, 
k 
i 
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eh ae 


Review of sample exceedances show no discernable trend. Total 
uranium concentration continues to exceed Maximum Groundwater 


Limits as does pH. 
Discussion 


As discussed in the "Hermit Groundwater Monitoring Report, Mining 
Phase", dated February 12, 1990, although total uranium continues 
to exceed Maximum Groundwater Limits, dissolved uranium is 
consistently below Groundwater Limits. This trend has persisted 
in four separate analysis. It is quite possible, therefore, that 
increased total uranium values can be attributed solely to 
increased suspended solids resulting from well field development. 


Of the other parameters analyzed for during Phase II or III, one 
or more samples exceeded primary or secondary drinking water 


standards for gross alpha #20, manganese and gross beta. 


The Second Quarter, 1990 monitor well sampling was split, sampled 


and identical samples sent to different laboratories for 
analysis. Both laboratories are reputable, experienced labora- 
tories for inorganic and radiochemical analysis. Both 
laboratories have strict internal QA/QC programs. Nevertheless, 
analytical results varied significantly for many parameters. 


For example, Barringer Laboratories indicated a total wee 
concentration of 33+2 pCi/liter for HER 061. The split sample 
from Accu Labs indicated a total 77°Ra concentration of 8.0 + 


0.4. Similar differences exist throughout. This comparison 
serves to illustrate the analytical variability which exist at 


low concentrations. 
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FIRST QUARTER, 1990 


GROUNDWATER MONITOR WELL 


ANALYTICAL RESULTS 
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BARRINGER LABORATORIES INC. 


Bill Almas 

ENERGY FUELS NUCLEAR 
One Tabor Center 
1200 17th Street 
Suite 2500 
Denver, CO 80202 
Attn: 

Project: 


Received: 


15000 W. 6TH AVE., SUITE 300 
GOLDEN, COLORADO 80401 
PHONE: (303) 277-1687 


1455 DEMING WAY, SUITE 15 
SPARKS, NEVADA 89431 
PHONE: (702) 358-1158 


17-May-90 
Page: 


if 
Copy: 3 of 3 
Set 1 


2-Apr-90 16:37 


Job: 902181E 


Alkalinity As Ba 
as CaCcoO3 


HCO3 


Status: Final 


cd Ca 


Dissolved Dissolved as CaCcO3 Dissolved Dissolved 


Sample mg/l mg/l ct. eo 7s Cee > Cs ee: 7 Se 


0.003 0.03 149 


0.001 0.05 34 


HERO61 149 


PNO60 34 
Cu F 


cl cr Specific 


0.009 
<0.005 


609 
303 


Fe Pb 


Total Conductance Dissolved 


Dissolved Dissolved 


<0.01 
<0.01 


HERO61 38 


3330 0.04 L 0.02 
PNO60 12 0 


24 
2230 0.03 6 <0.02 
Mg Mn Hg NO3 as N pH P04 as P 
Dissolved Dissolved Dissolved 


Sample mg/l mg/l mg/l mg/l ALE... mg/l 


0.0003 <0. 
0.0005 


186 
159 


0.22 
2.58 


HERO61 0.2 
PNO60 0.2 
K Se $i02 Ag Na TDS 


Dissolved Dissolved Dissolved Dissolved Dissolved 


Sample mg/l mg/l mg/l mg/l mq/1l _mg/l_ 


3430 
2130 


0.01 72.6 
<0.01 34.4 


13.6 
35 


<0.001 
<0.001 


HERO61 
PNO60 


S04 zn Gross Alpha Error Gross: Beta Error 
Dissolved Dissolved Dissolved 


Sample _mg/l mg/l mg/l pci/l pci/l 


£18 21, £10 
£13 29 +8 


TSS 


0.028 23 
0.057 47 


2290 
1480 


HERO61 59 
PNO60 39 

Gross Alpha Error Gross Beta Error Ra-226 Error 
Total Total Dissolved 


Sample pci/l pci/l pers) 
? 


21. £19 40 +11 33 +2 
32 +7 Li. £5 1.1 +0.4 


AOVANCED TECHNIQUES AND INSTRUMENTATION FOR THE EARTH SCIENCES 


HERO61 


J Sample _mg/l mq/1l umho/cm mg/l mg/l mg/l mg/l 
| PNO60 


15000 W. 6TH AVE., SUITE 300 
GOLDEN, COLORADO 80401 
PHONE: (303) 277-1687 


BARRINGER LABORATORIES INC. 1455 DEMING WAY, SUITE 15 
SPARKS, NEVADA 89431 
PHONE: (702) 358-1158 
17-May-90 
Bill Almas 
ENERGY FUELS NUCLEAR Page: 2 
One Tabor Center Copy: 3 of 3 
1200 17th Street Set : 1 
Suite 2500 
Denver, CO 80202 
Attn: Received: 2-Apr-90 16:37 
Project: PO #: 
Job: 902181E Status: Final 
Ra-226 Error Th-230 Error Th-230 Error U U 
Total Dissolved Total Dissolved Total 
Sample _pCi/l 20* pci/l 20% pci/l 20* mg/l mg/l 
HERO61 36 +2 0.0 +0.3 0.0 +0.4 0.0005 0.0036 
PNO60 1.7 20.4 0.0 +0.3 0.3 +0.5 <0.0003 0.0020 
CO3 
as Cac0O3 
Sample mg/l 
HERO61 <1 
PNO60 <1 
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Bill Almas 

ENERGY FUELS NUCLEAR 
One Tabor Center 
1200 17th Street 
Suite 2500 

Denver, CO 80202 


Attn: 
Project: 


Job: 902181E 


Abbreviations: 


Parameters: 


BARRINGER LABORATORIES INC. 


15000 W. 6TH AVE., SUITE 300 
GOLDEN, COLORADO 80401 
PHONE: (303) 277-1687 


1455 DEMING WAY, SUITE 15 
SPARKS, NEVADA 89431 
PHONE: (702) 358-1158 


17-May-90 
Page: 3 
Copy: 3 of 3 
Set ; BE 


Received: 2-Apr-90 16:37 
PO #: 


Status: Final 


‘ 
wd = Fg ; 4 
. | gy Es + 

: 2 


As Arsenic 
Ba Barium 
HCO3 : Bicarbonate 
cd : Cadmium 
Ca : Calcium 
cl : Chloride 
cE Chromium 
Cu Copper 
F Fluoride 
Fe Iron 
Pb Lead 
Mg Magnesium 
Mn Manganese 
Hg Mercury 
NO3 as N Nitrate 
P04 as P Phosphate 
K Potassium 
Se Selenium 
$io2 Silica 
Ag Silver 
Na Sodium 
TDS Total Dissolved Solids 
TSS Total Suspended Solids 
S04 Sulfate 
zn Zinc 
Ra-226 Radium-226 
Th-230 Thorium-230 
U Uranium 
co3 Carbonate 
ADVANCED TECHNIQUES AND INSTRUMENTATION 
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Dewi pai RO IR es Dl al ta Pee ee he cpr, See as See 
15000 W. 6TH AVE., SUITE 300 
GOLDEN, COLORADO 80401 
PHONE: (303) 277-1687 
BARRINGER LABORATORIES INC. Te 
SPARKS, NEVADA 89431 
PHONE: (702) 358-1158 
17-May-90 
Bill Almas 
ENERGY FUELS NUCLEAR Page: 4 
One Tabor Center Copy: 3 of 3 
1200 17th Street Set : 1 
Suite 2500 
Denver, CO 80202 
Attn: Received: 2-Apr-90 16:37 
Project: PO #: 
Job: 902181E Status: Final 
Units: 
mg/1 : milligrams per liter 
Emho/cm : micromhos per centimeter at 25C 
pei/ lL : picoCuries per liter 
20% : * Counting error at the 95% confidence level, 20 
Quality control: 
< : less than 
Signed: “ 
iii swung ee ee ry 


Gary Zito 
Laboratory Supervisor 
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Bill Almas 


ENERGY FUELS NUCLEAR 
One Tabor Center 
1200 17th Street 


BARRINGER LABORATORIES INC. 


15000 W. 6TH AVE., SUITE 300 
GOLDEN, COLORADO 80401 
PHONE: (303) 277-1687 


1455 DEMING WAY, SUITE 15 
SPARKS, NEVADA 89431 
PHONE: (702) 358-1158 


17-May-90 


Page: 5 
Copy: 3 of 3 


Suite 2500 
Denver, 80202 
Attn: Received: 2-Apr-90 16:37 
Project: PO #: 
Job: 902181E Status: Final 
QUALITY CONTROL DATA SHEET 

Time Received: 8:30 Date: 4/2/90 By: Receiving Via: UPS 
Sample Container Type: large cube, liter cube 
Sample Type: water 
Preservative When Receivied: 1. HNO3 2. H2SO04 3. None 4. NaOH/ZnAc 
Additional Lab Preparation: none 

Date(s) of 
Parameter Ref Method LLD Preservative Analyst Analysis 
cl 1 325.2 1 mg/l 3 Hobbs 4/5 
NO3 1 353.1 -1 mg/l 2 Hobbs 4/4 
pH 1 150.1 -0O1 mg/l 3 Hatcher 4/4 
Alk i 210.1 1 mg/l 3 Hatcher 4/6 
F 1 340.2 -05 mg/l 3 Ryman 4/6 
PO4 1 365.1 -1 mg/l 3 Hobbs 4/6 
Cond J 1201 -001 mg/l 3 Ryman 4/23 
As 1 206.2 .001 mg/l 1 Gilleland 4/23 
Hg 1 245.1 .0002 mg/l 1 Swanson 4/23 
Se 1 270.2 .001 mg/l a Gilleland 4/24 
id rf 200.7 1 mg/l 3 Hidalgo 4/30 
Ba 1 200.7 -01 mg/l 1 Hidalgo 4/30 
cd 3 200.7 .005 mg/l 1 Hidalgo 4/30 
Ca 1 200.7 -01 mg/l 1 Hidalgo 4/30 
Cu 1 200.7 -01 mg/l 2 Hidalgo 4/30 
Fe el 200.7 -01 mg/l 1 Hidalgo 4/30 
Pb 1 200.7 .02 mg/l 1 Hidalgo 4/30 
Mg es 200.7 -01 mg/l 1 Hidalgo 4/30 
Mn A. 200.7 -01 mg/l 1 Hidalgo 4/30 
K i 200.7 .5 mg/l 1 Hidalgo 4/30 
Ag sf 200.7 -01 mg/l 1 Hidalgo 4/30 
Na 1 200.7 -01 mg/l a. Hidalgo 4/30 ; 

ADVANCED TECHNIQUES AND INSTRUMENTATION FOR THE EARTH SCIENCES 
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Bill Almas 


ENERGY FUELS NUCLEAR 
One Tabor Center 
1200 17th Street 


Suite 2500 
Denver, 80202 
Attn: 

Project: 

Job: 


902181EF 


Received: 


PO #: 


BARRINGER LABORATORIES INC. 


15000 W. 6TH AVE., SUITE 300 
GOLDEN, COLORADO 80401 
PHONE: (303) 277-1687 


1455 DEMING WAY, SUITE 15 
SPARKS, NEVADA 89431 
PHONE: (702) 358-1158 


17-May-90 
Page: 6 
Copy: 3 of 3 


Status: 


QUALITY CONTROL DATA SHEET (Cont'd) 


Parameter Ref Method LLD Preservative 
zn 1 200.7 .005 mg/l a; 
TDS 1 160.1 10 mg/l 3 
TSS 1 160.2 4 mg/l 3 
S04 1 37533 4 mg/l 3 
$io2 1 200.7 -01 mg/l 1 
Gr. Alpha 4 900.0 1.@ poci7i 3 
Gr. Beta 4 900.0 2«0 pei/s1 3 
Ra-226 4,7,14 SM=-705 0.2 pci/1l 3 
Th-230 11 --- 0.2 pci/1 3 
U 4,9,10,14 ASTMD2907 0.3 ug/l 3 
ADVANCED TECHNIQUES AND INSTRUMENTATION FOR 


Analyst 


Hidalgo 
Hatcher 
Hatcher 
Hatcher 
Hidalgo 
Kidwell 
Kidwell 
Howard 
Ortiz 
Tonning 


2-Apr-90 16:37 


Final 


Date(s) of 
Analysis 


4/30 
4/5 
4/4 
4/6 
4/30 
4/4-4/16 
4/4-4/16 
5/7-5/9 
4/3-4/5 
4/26-5/3 


THE EARTH SCIENCES 
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Bill Almas 

ENERGY FUELS NUCLEAR 
One Tabor Center 
1200 17th Street 
Suite 2500 


BARRINGER LABORATORIES INC. 


Faeroe IT OL Re re ee UM cca 


18000 W. 6TH AVE... SUITE 300 
GOLDEN, COLORADO 80401 
PHONE: (303) 277-1687 


1455 DEMING WAY, SUITE 15 


SPARKS, NEVADA 89431 
PHONE: (702) 358-1158 
17-May-90 
Page: 7 


Copy: 3 of 3 


Denver, CO 80202 
Attn: Received: 2-Apr-90 16:37 
Project: PO #: 
Job: 902181E Status: Final 
DUPLICATES 
Sample Relative Deviation 

Identification Parameter Result Result % From Mean 
PN-060-Pinenut 
Mine Waterwell onl 12.15 12.15 fe) 

" us NO3 rt Sak c@) 

" MY pH 6.46 6.41 -8 

a Alk 33.25 32.5 30 

" 7 F -58 59 Let 

bb m PO4 -18 sls (0) 
HER-061-Hermit 
Mine Waterwell As -003 -003 (e) 
PN-060-Pinenut 
Mine Waterwell Hg -0005 -0005 0 
HER-061-Hermit 
Mine Waterwell Se <.001 <.001 0) 
PN-060-Pinenut 
Mine Waterwell cr <.01 <.01 () 

u a Ba -05 05 0 

i " cd <.005 <.005 (@) 

a a Ca 303 303 (@) 

" Cu -03 «03 0 

us " Fe 1.6.0.2: 16.2 0 

m " Pb <.02 <.02 (@] 

" " Mg 159 164 30 

ne " Mn 2.58 2659 0.4 

" a K 16.5 bey ge 4.1 

" n Ag <.01 <.01 0 

a " Na 34.4 36.9 4.1 

7 " zn -057 -~070 18.6 

" " TDS 2126 2118 4 

me " TSS 59 39 2.6 

ft " S04 1483 1498 1.0 

" i $io2 335 3.4 2.9 

" me Gr. Alpha 39 += 13 54 ££ 13 16 

u w Gr. Beta 24 + 8 34 + 7 17 

m ut U 0.0020 0.0019 2.6 ss 

ADVANCED TECHNIQUES ANDO INSTRUMENTATION FOR THE EARTH SCIENCES 
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BARRINGER LABORATORIES INC. 


15000 W. 6TH AVE. SUITE 300 
GOLDEN, COLORADO 80401 
PHONE: (303) 277-1687 


1455 DEMING WAY, SUITE 15 
SPARKS, NEVADA 89431 
PHONE: (702) 358-1158 


17-May-90 
Bill Almas 
ENERGY FUELS NUCLEAR Page: 8 
One Tabor Center Copy: 3 of 3 
1200 17th Street 
Suite 2500 
Denver, CO 80202 
Attn: Received: 2-Apr-90 16:37 
Project: PO #: 
Job: 902181E Status: Final 
QUALITY CONTROL STANDARDS 

Cert. Relative Deviation Spike % 
Parameter Result Result Target Range % From Known Recovery 
cl 25.26 26.05 24.1 - 27.7 361 <= 
NO3 2.08 1.98 1.78 - 2.18 4.9 71 
F -51 -50 245 = .55 2.0 = 
PO4 -53 -50 -46 - .54 5.8 ==s 
Cond. 1413 1413 -=+> ) === 
As -102 - 100 -080 - .118 2 = 
Hg -005 -005 -004 - .006 O = 
Se -021 -025 -017 - .028 Ly = 
cl -208 - 200 -180 - .220 4.0 101 
Ba 1.08 1.00 -90 - 1.10 8.0 99 
Cd -212 -200 «180 = «220 6.0 107 
Ca 2.07 2.00 1080 = 2.20 365 == 
Cu -196 -200 »i8O0 - 2.220 2.0 93 
Fe -203 - 200 -180 - .220 1.5 === 
Pb -209 - 200 -180 - .220 4.5 93 
Mg 1.98 2.00 1.80 = 2:..20 1.0 om 
Mn -207 -200 -180 - .220 3.05 125 
K 10.2 10.0 9.0 - 11.0 2.0 78 
Ag 1.02 1.00 690 = T.10 2.0 91 
Na -78 - 86 276 = 296 8 << 
zn -204 - 200 -180 - .220 2.0 105 
TDS 1434 1479 1331 — 1627 BrerL — 
S04 1063 1000 900 - 1100 6.1 == 
$i02 1.06 1.07 96 = 1.18 1.0 81 
Gr. Alpha 190 £ 5 196 176 - 216 36d ——< 
Gr. Beta 171 + 2 L173 156 - 190 Lie: a 
Ra-226 106 + 3 101 OT = Tt 5.0 == 
Th-230 89 + 2 96 86 - 106 73 aad 
U 35 34 31 = 37 239 aie 
Approved by: Bho, oe , 
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SEND TO: BARRINGER. LABORATORIES pry. 


/S000 W. &7H AVE. Sltsré jot, CHAIN OF CUSTODY RECORD - CLIENT COPY 


SENT FRO 284: C00. G02) 


Sampler’s Name: /.Cas€@OLT 
Company Name: EVERGY Sues Myc LeE~AR LHC. 
Company Address: 


‘ WAS 
Client Sample Date/Time af W/W /QY FT/S 
ID. @ .D. @ Location of Sampling PLP) P/F) N 


Rel es ighed Oy? (Siento) By: (Signature) 


, ae 
JA 


PTET TT TT TT eet 


LO” 530 eh. Loahase Xd lalao 43 
“32> 2M. FT ybite  XkMiito Lh b 


Relinguished By: (Signature) | Date/Time | Received for BLI By: (Signature) 


4 
Ay (Instructions for | 
Analysis on 
back of form 
Comments 


ee 


Shipping Information 
Carrier: “ZFS 
Date Shipped: 3-27-70 


Ag Total Suspended 
As Total Gissolved Suspended 
Ba To tal(@issolved) Suspended 


B Total Dissolved Suspended 


Ca Total Dissolved Suspended 
Cd Total Dissolved Suspended 
Cr Dissolved Suspended 
Cu. Total Dissolved) Suspended 


F  Totak Dissolved Suspended 
Totak Dissolved Suspended 


Pb Total Dissolved Suspended 
Mg Total Gissolved Suspended 


Mo Total Dissolved Suspended 


Mn Total GQissolved Suspended 
Hg Total fissolved) Suspended 
K Total(Dissolved) Suspended 
Se Total Dissolve? Suspended 


Tota Dissolved Suspended 
Zn Total@issolved Suspended 
Alkalinity (as carbonate) 


ere ' 
t 
h 


PEPER B bebe heb Pek Lb Pe 


<a 
be ps 
= 


Bicarbonate 
Carbonate 
Chloride 


beh kb 


Boosts are ug/l unless otherwise noted 


PERE ET TTT REE BELT BL RRL RR 


SAMPLE ANALYSIS INFORMATION 
Perform those analysis marked with an X and circled 


pa 
Specific Cond. (aicromhos per centimeter 
TDS 


Gross Alpha*® fotal Kissolved Suspended 
Gross Beta® (Total Gissolved)Suspended 


e20pas Total Dissolved Suspended 
i Gotabfissolves Suspended 
Total UL. rota} Gissolves Suspended 
aieEy* Total Dissolved Suspended 
i Total Dissolved Suspended 
lic Total Dissolved Suspended 
sanyo Total Dissolved Suspended 
aye Total Dissolved Suspended 
228T),* Total Dissolved Suspended 
200T}* Fetal) Gissolved Suspended 
2327) Total Dissolved Suspended 
40K Total Dissolved Suspended 


‘Units are pCi/l 
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06729790 15:06 @303 277 1689 BARRINGER ZOO 


18000 W, 6TH AVE. GUITE 300 
GOLDEN, COLORADO 6040! 


PHONE, {3031 277-1887 
BARRINGER LABORATORIES INC. 1486 OEMING WAY, SUITE 15 
BPARKE NEVADA 8643) 
PRONE: (102) Sidhe uy 
v 22-Jun-§6 
Larry Casebolt 
ENERGY FUELS NUCLEAR 4 Page: 1 
P.O. Box 36 Copy: 2of 3 
Fredonia, AZ 86022 r Set : i 
Attn: : Received: 18-May-90 15:35 
Project: ' BO #: 
Sample‘Type: Water 
Ag As Ba Ca cd er 


Dissolved Dissolved Dissolved Dissolved Dissolved Total 
Sample _mg/l _§_mg/) _mg/).  _mg/) 


HERO64 <0.01 <0.001 0.01 610 0.007 <0,01 
cu F Fe Pb Mg Mn 
Dissolved Dissolved Dissolved Dissolved Dissolved 
Sanple mg/l... _mg/)_ _§mg/l_. —_ mg/L... . mg/l). .. mg/h 
HERO64 <0.01 1.4 1363 <0.02 186 0.18 
H K Se Na an Alkalinity 


g 
Dissolved Dissolved Dissolved Dissolved Dissolved as Caco3 
Sample —ome/l oo mg/h mg/g fm fd Lg 


HERO64 <0.0002 22.5 <0.001 82.6 <0.005 170 
HCO3 Cco3 cl PH Specific TDS Tss 
as CacO3 as Caco3 Conductance 
Sample _mg/]_ _omq/)_ mg/l _unit .umho/em  _mag/)_ _mag/)_ 
HERO64 170 <1 41 8.06 3318 3320 93 
NO3 as N PO4 as P S04 $i02 Gross Alpha Error 


Dissolved Dissolved 


Sample _mo/l _mg/l  _mg/)_ _ma/)  _ pei/) 20% 
HERO64 <0.1 0.3 1150 13.3 "= 12 £14 


Gross Beta Error Gross Alpha Error Gross Beta Error 
Dissolved Total Total 


Sample _pCi/l) 20% _ pei/) 20* pci/i 2 
HERO64 37 +12 44 +18 35 +12 


SO : 
mReeegeEawmwieantenmEwe SE SH ee we wees Se 


? 
! 


06729/90 15:07 @303 277 1689 BARRINGER 


| 
; 


BARRINGER LABORATORIES INC. 


° 


Larry Casebolt 
ENERGY FUELS NUCLEAR 
P.O. Box 36 


Fredonia, AZ 86022 
Attn: ; 
Project: ' PO #: 
Sample ‘Type: Water 
Ra-226 Error Ra~226 Error Th-230 
Dissolved Total Dissolved 
Sample —pci/)l 2g" wpci/i 20% _§_ pei/i  2g% 
HERO64 1.7 +0.5 2.0 £+0.7 0.9 £0.6 
U U 
Dissolved Total 
HERO64 0.0008 0.0082 


Received: 


18000 W. 6TH AVE, SUITE WH 
GOLSEN, COLORADO 80401 
PHONE. (303) 277-1687 


1465 OEMING WAY, SUITE 15 
SPARKS, HEVADA 8843) 


PHONE. (702) 356-1168 
22-Jun-90 
Page: 2 
Copy: 2 of 3 
Set : pi 


18-May-90 15:35 


Error Th-230 Error 
Total 


* 


1.0 +0.9 


yt 
06/29/90 15:07 303 277 1589 BARRINGER 


BARRINGER LABORATORIES INC. 


rT 


Larry Casebolt 
ENERGY FUELS NUCLEAR 
P.O. Box 36 
Fredonia, AZ 86022 


O04 


YOUU W, BIN AVE. SUITE JUU 
GOLDEN, COLORADO 80401 
Pu One: (33) 277-1647 


1456 OEMING WAY SUITE 18 
SPARKS, NEVAGA Bbu3) 
PHONE: (702) 256-1169 


22-Jun-50 


Page: 3 
Copy: 2 cof 3 
Set ;: i. 


Attn: , Received: 18-May-90 15:35 
Project: “PO #: 

’ i 

“a, 

Abbreviations: 
Parameters: 

Ag : Silver 

As : Arsenic 

Ba : Barium 

Ca : Calcium 

cd : Cadmium 

er : Chromium 

cu : Copper 

F : Fluoride 

Fe : Iron : 

Pb : Lead 

Mg $s Magnesiun 

Mn : Manganese 

Hg : Mercury 

K t Potassium 

8e : Selenium 

Na : Sodium 

zn : Zine 

HCO3 : Bicarbonate 

co3 : Carbonate 

ci : Chloride 

TDS : Total Dissolved Solids 

TS8 : Total Suspended Solids 

NO3 as N : Nitrate 

PO4 as P ; Phosphate 

S04 : Sulfate 

$102 : Silica 

Ra~226 : Radlum=226 

Th-230 : Thorium-230 


‘ 


08/29/90 15:08 @303 277 1689 BARRINGER BOOS 


(pinta 


10000 W. OTH AVE, SUITE 300 
GOLOEN, COLORADO 86401 


PHONE. (303) 277.168? 
BARRINGER LABORATORIES INC. eaiteribakis uneats 
SPARKS, NEVADA 843) 
PHONE: (702) 384-1158 
r 22-Jun-90 
Larry Casebolt 
ENERGY FUELS NUCLEAR Page: 4 
P.O. Box 36 Copy: 2 of 3 
Fredonia, AZ 86022 é Set : 1 
Attn: Received: 18-May-90 15:35 
Project: ~ PO #: 
: tus: Final 
U : Uranium ey 
Units: 
ng/1l : milligrams per liter 
pmho/cm : micromhos per centimeter at 25C 
peisi : picoCuries per liter 
2o* ; * Counting error at the 95% confidence level, 29 
Quality control: 
< ‘: less than 
Signed: : 
hina eeiyes es oe Saiuiaciets sales 
Gary Zito. 


Laboratory Supervisor 
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FIRST QUARTER, 1990 


SPLIT SAMPLE 


ANALYTICAL RESULTS 


( 


11485 West 48th Avenue - Wheat Ridge, 


BILL ALNAS 

ENERGY FUELS NUCLEAR 
2555 N. HIGHWAY 89A 

FREDONIA, AZ 86022 


Copy To: 

BILL ALNAS 

ENERGY FUELS NUCLEAR 
1 TABOR CENTER, 
1200 17TH. ST. 
DENVER, CO 80202 


These samples to be disposed of 30 days after the date of this report. 


ALR Designation - 


Sponsor Designation - 


Date Collected - 


Determinations in mg/L unless noted 


Barium - dissolved 
Cadmium - dissolved 
Calcium - dissolved 
Chromium - total 
Copper - dissolved 


Iron - dissolved 
Magnesium - dissolved 
Manganese - dissolved 
Mercury - dissolved 
Potassium - dissolved 


Silica-iCP - dissolved 
Silver - dissolved 
Sodium - 
Zine - dissolved 

Alkalinity, Total (as CaCO3 to ph 4.5) 


dissolved 


ACCU-LABS RESEARCH, 


DATE: 0 


SUITE 2560 


AWALYsis 


4/20/90 


Lab Job Number: 
Date Samples Received: 
Customer PO Number: 


9813-33670-1-1 


HERO 62 
03/28/90 


INC. 


CO 80033 - (303) 423-2766 


REPORT 


PAGE 1 


9813-33670-1 
04/02/90 
27883 


LANDMARK 


meme eH HE HEE Hee EH EH Ee  & gs. 


xa 2 3 Pate. 2 Se ae ee" Sa ee ee SN ee I ae ee 
Bi entaeg  e ME  Na ie e an Me AS Se ee Se 


ACCU-LABS RESEARCH, INC. 
ANALYS TIS REPORT 
DATE: 04/20/90 PAGE 2 
Lab Job Number 9813-33670-1 


These samples to be disposed of 30 days after the date of this report. 


ALR Designation - 9813-33670-1-1 
Sponsor Designation - HERO 62 
Date Collected - 03/28/90 


Determinations in mg/L unless noted 


Carbonate (as C03) <5 
Bicarbonate (as HCO3) 180 
pH 

(pH Units) ° 7.4 
Specific Conductance 

(umhos/cm) 3,500 
Arsenic - dissolved <0.01 ( 9] 
Lead - dissolved <0.005 
Selenium - dissolved <0.005 
Nitrate (as N) <0.05 
Orthophosphate (as P) 0.07 
Total Dissolved Solids (a180 °C) 3,400 
Total Suspended Solids (9105 °C) , 280 
Chloride 48 
Fluoride 1.6 
Sulfate (as S04) 2,000 


Notes: 
{ 9] -- HIGHER D.L. DUE TO SAMPLE MATRIX INTERFERENCE 


Water Laboratory Supervisor 


natloal: 


etl ws ees ate wt ae oe come Se Se eae 


ACCU-LABS RESEARCH, INC. 


11485 West 48th Avenue - Wheat Ridge, co 80033 - (303) 423-2766 


CORRECTED REPORT ANALYSIS REPORT 

DATE: 06/27/90 PAGE 1 
BILL ALMAS Lab Job Number: 9813-33670-1 
ENERGY FUELS NUCLEAR Date Samples Received: 04/02/90 
2555 N. HIGHWAY 89A Customer PO Number: 27883 
FREDONIA, AZ 86022 
Copy To: 
BILL ALMAS 


ENERGY FUELS NUCLEAR 

1 TABOR CENTER, SUITE 2500 
1200 17TH. ST. 

DENVER, CO 80202 


These samples to be disposed of 30 days after the date of this report. 


ALR Designation - 9813-33670-1-1 
Sponsor Designation - HERO 62 
Date Collected - 03/28/90 


Determinations in pCi/L unless noted 


Gross Alpha - dissolved 6 +20 * 
Gross Alpha - total 12 2:20 * 
Gross Beta - dissolved 25. 16 * 
Gross Beta - total 26 + 16 * 
Radium-226 - dissolved 6.1 + 0.4 * 
i Radium-226 - total 8.0 + 0.4 * 
Thorium-230 - dissolved 0.3: # O62. % 
Thorium-230 - total 0.5: 0.3 * 
i Uranium - dissolved 


(mg/L) <0.001 
Uranium - total ; 


[| (mg/L) 0.005 


* Variability of the radioactive disintegration process (counting error) at the 95% confidence level, 1.960. 


Bud Summers 
Radiochemistry Supervisor 


nm HEH a . 
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FIRST QUARTER, 1990 


MINE SUMP ANALYTICAL RESULTS 


x 15000 W. 6TH AVE., SUITE 300 
GOLDEN, COLORADO 30401 
PHONE (303) 277-1687 


BARRINGER LABORATORIES INC. 1455 DEMING WAY, SUITE 15 
ve - * ¥ = SPARKS, NEVADA 89431 
PHONE: (702) 358-1158 
22-Mar-90 
Bill Almas 
ENERGY FUELS NUCLEAR Page: i 
One Tabor Center Copy: 3 6f 3 
1200 17th Street Set : 1 
Suite 2500 
Denver, CO 80202 
Attn: Received: 13-Feb-90 
Project: Purchase order : 
Job: 901962E Status: Final 


Sample Type: Water 


HCO3 As Ba CO3 Cd 
as Caco3 Dissolved Dissolved as CacO3 Dissolved 


Sample mg/l mg/l mg/l mg/l mg/l 


HER 059 196 0.266 <0.01 196 <0.005 
Ca Cl Cr Specific Cu F 
Dissolved Total Conductance Dissolved 
Sample mg/l mg/l mg/l umho/cm mg/l mg/l 
HER 059 513 30 <0O.01 3190 <0.01 Led 
Fe Pb Mg Mn Hg 


Dissolved Dissolved Dissolved Dissolved Dissolved 


Sample mg/l mg/l mg/l mg/l mg/l 
HER 059 Oe21 0.04 168 0.04 <0.0002 


NO3 as N pH PO4 as P K Se Sio2 
Dissolved Dissolved Dissolved 


Sample mg/l unit mg/l mg/l mg/l mg/l 


HER 059 6.0 7.74 <0.1 27.5 0.008 9.9 
Ag Na TDS TSS S04 Zan 
Dissolved Dissolved Dissolved 
Sample mg/l mg/l mg/l mg/l mg/l mg/l 
HER 059 0.01 76.6 3290 11 2180 0.094 


ADVANCED TECHNIQUES AND INSTRUMENTATION FOR THE EARTH SCIENCES 


15000 W. 6TH AVE., SUITE 300 
GOLDEN, COLORADO 80401 
PHONE: (303) 277-1687 


BARRINGER LABORATORIES INC. 1455 DEMING WAY, SUITE 1 


SPARKS, NEVADA 89431 
PHONE: (702) 358-1158 


22-Mar-90 
Bill Almas 
ENERGY FUELS NUCLEAR Page: 2, 
One Tabor Center Copy: 3 of 3 
1200 17th Street Set. ; a 
Suite 2500 
Denver, CO 80202 
Attn: Received: 13-Feb-90 
Project: Purchase order : 
Job: 901962E Status: Final 
Sample Type: Water 
Gross Alpha Error Gross Beta Error Gross Alpha Error 
Dissolved Dissolved Suspended 
Sample pois 20% pci/l 20* pci/l 20% 
HER 059 5500 +100 1190 +30 750 +20 
Gross Beta Error Ra-226 Error Ra-226 Error 
Suspended Dissolved Suspended 
Sample Beis) 20* pci/l 20* pci/l 20* 
HER 059 1040 +10 210 +10 83 +3 
Th-230 Error Th-230 Error U U 
Dissolved Suspended Dissolved Suspended 
Sample pci/l 20% pci/l 20* mg/l mg/l 
HER 059 0.5 +0.6 100 +10 4.29 0.243 


AOVANCED TECHNIQUES AND INSTRUMENTATION FOR THE EARTH SCIENCES 


AnH te Pca PR 


( 


Bill Almas 


ENERGY FUELS NUCLEAR 


One Tabor Center 
1200 17th Street 
Suite 2500 


Denver, CO 80202 
Attn: 

Project: 

Job: 901962E 


Pending analyses: 
CO3//mg/1 


Abbreviations: 


Analyses: 


As : 
Ba : 
HCO3 : 
Cd : 
Ca : 
cl : 
Cr : 
Cu : 
F : 
Fe $ 
Pb : 
Mg : 
Mn 

Hg : 
NO3 as N : 
PO4 as P s 
K . 
Se : 
$io2 

Ag : 
Na : 
TDS ; 
TSS : 
S04 : 
zn : 


Arsenic 
Barium 
Bicarbonate 
Cadmium 
Calcium 
Chloride 
Chromium 
Copper 
Fluoride 
Iron 

Lead 
Magnesium 
Manganese 
Mercury 
Nitrate 
Phosphate 
Potassium 
Selenium 
Silica 
Silver 
Sodium 


Purchase order 


Total Dissolved Solids 
Total Suspended Solids 


Sulfate 
Zinc 


BARRINGER LABORATORIES INC. 


18000 W. 6TH AVE., SUITE 300 
GOLDEN, COLORADO 80401 
PHONE: (303) 277-1687 


1455 DEMING WAY, SUITE 15 
SPARKS, NEVADA 89431 
PHONE: (702) 358-1158 


22-Mar-90 
Page: 3 
Copy: 3 of 3 
Set : 1 
Received: 13-Feb-90 
Status: Final 
id 
EARTH SCIENCES 


18000 W. 6TH AVE., SUITE 300 
GOLDEN, COLORADO 30401 
PHONE: {303) 277-1687 


BARRINGER LABORATORIES INC. bee eae wat aaa 


SPARKS, NEVADA 89431 
PHONE: (702) 358-1158 


22-Mar-90 

Bill Almas 
ENERGY FUELS NUCLEAR Page: 4 
One Tabor Center Copy: 3 of 3 
1200 17th Street Set : pe 
Suite 2500 
Denver, CO 80202 
Attn: Received: 13-Feb-90 
Project: Purchase order 
Job: 901962E Status: Final 

Ra-226 : Radium-226 

Th-230 : Thorium-230 

U : Uranium 


Abbreviations: 


Units: 

mg/1 : milligrams per liter 

pmho/cm : micromhos per centimeter at 25C 

pei sl : picoCuries per liter 

20* : * Counting error at the 95% confidence level, 2a 
Quality control: 

< : less than 
Signed: = 

Gary Zito 


Laboratory Supervisor 


( 


ADVANCED TECHNIQUES AND INSTRUMENTATION FOR THE EARTH SGLEN GES 


BARRINGER LABORATORIES INC. 


15000 W. 6TH AVE., SUITE 300 
GOLDEN, COLORADO 80401 
PHONE: (303) 277-1687 


1455 DEMING WAY, SUITE 15 
SPARKS, NEVADA 89431 
PHONE: (702) 358-1158 


22-Mar-90 
Bill Almas 
ENERGY FUELS NUCLEAR Page: 5 
One Tabor Center Copy: 3 of 3 


1200 17th Street 
Suite 2500 


Denver, CO 80202 
Attn: Received: 13-Feb-90 
Project: Purchase order 
ZOb; 901962E Status: Final 
QUALITY CONTROL DATA SHEET 

Time Received: Date: 2/13/90 By: Receiving Via: Picked up 
Sample Container Type: large cube 
Sample Type: water 
Preservative When Received: 1. HNO3 2. H2SO04 3. None 4. NaOH/ZnoAc 
Additional Lab Preparation: none 

Date(s) of 
Parameter Ref Method LLD Preservative Analyst Analysis 
F J. 340.2 -05 mg/l 3 Acree 2/16 
cl i: 325.2 1 mg/l 3 Hobbs 2/16 
PO4 x 365.1 -1 mg/l 3 Hobbs 2/20 
NO3 ia 353.1 -1 mg/l 2 Hobbs io7st 
cr i, 200.7 -01 mg/l 1 Hidalgo 2/22 
Ba 1 2007 -01 mg/l 1 Hidalgo 2/22 
Cd 1 200.7 .005 mg/l 1 Hidalgo 2/22 
Ca 4, 200.7 -01 mg/l 1 Hidalgo 2/22 
Cu 1 200.7 -01 mg/l 1 Hidalgo 2/22 
Fe 1 200.7 -01 mg/l a. Hidalgo 2/22 
Pb 1 200.7 .001 mg/l 1 Hidalgo 2/22 
Mg i; 200.7 -01 mg/l 1 Hidalgo 2/22 
Mn 2 200.7 -01 mg/l 1 Hidalgo 2/22 
K 1, 200.7 -5 mg/l 1 Hidalgo 2/22 
Sio2 uf 200.7 -01 mg/l 1 Hidalgo 2/22 
Ag 1 200.7 -01 mg/l 1 Hidalgo 2/22 
HCO3 i 210.1 1 mg/l 3 Acree 2/23 
Hg 1 245.1 .0002 mg/l 1. Swanson 3/2 
pH i 150.1 -01 mg/l 3 Acree 2/23 
Se 1 270.2 .001 mg/l sf Gilleland 3/2 
As 1 206.2 .001 mg/l 1 Gilleland 3/5 
Conductance 1 1201 -001 mg/l x Hencmann 2/19 

4 
ADVANCED TECHNIQUES AND INSTRUMENTATION FOR THE EARTH SCIENCES 


4 
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+ 


15000 W. 6TH AVE., SUITE 300 
GOLDEN, COLORADO 80401 
PHONE: (303) 277-1687 


BARRINGER LABORATORIES INC. 1s Seine tas Suet 1s 


SPARKS, NEVADA 89431 
PHONE: (702) 358-1158 


22-Mar-90 
Bill Almas 
ENERGY FUELS NUCLEAR Page: 6 
One Tabor Center Copy: 3 of 3 
1200 17th Street 
Suite 2500 
Denver, CO 80202 
Attn: Received: 13-Feb-90 
Project: Purchase order : 
Job: 901962E Status: Final 
QUALITY CONTROL DATA SHEET (Cont'd) 
Date(s) of 
Parameter Ref Method LLD Preservatives Analyst Analysis 
TDS 1 160.1 10 mg/l 3 Acree 2/19 
S04 1 375.3 5 mg/l 3 Acree 2/19 
Na 1 200.7 01 mg/l if Hidalgo 2/22 
zn a 200.7. .005 mg/l a | Hidalgo 2/22 
TSS z 160.2 4 mg/l 3 Acree 2/23 
Gr. Alpha 4 900.0 1.0 pei/i1 3 Kidwell 2/26-3/12 
Gr. Beta 4 900.0 2.0 pci/s1 3 Kidwell. 2/26-3/12 
Ra-226 4,7,14 SM-705 0.2 pCci/l 3 Howard 2/20-2/26 
Th-230 17 aaH 0.2 pCci/l 3 Jackson 2/15-2/19 
U 4,9,10,14 ASTMD2907 0.3 ug/l 3 Krizman 2/13=2/:16 
DUPLICATES 

Sample Relative Deviation 
Identification Parameter Result Result % From Mean 
HER-059 F Lied 1.25 3 

" cl 30.3 30.3 6) 

i" PO4 <.1 <.1 (0) 

" NO3 6.2 6.2 0 

" Cr $102: =~ 01 0) 

* Ba <.01 <.01 = 

cd <.005 <.005 0 

Ca 513 537 4.5 

" Cu <.01 <.01 0) 

" Fe o Lt 11 6) 

" Pb 04 «02 sae 

7 Mg 168 175 4.6 

" Mn -04 -04 (6) 

i K 27.5 28.7 4.1 

$102 9.9: LOw.3 4.0 e 

i Ag O1 <.01 <= 


ADVANCED TECHNIQUES AND INSTRUMENTATION FOR THE EARTH SCIENCES 


Bill Almas 

ENERGY FUELS NUCLEAR 
One Tabor Center 
1200 17th Street 


Suite 2500 
Denver, CO 80202 
Attn: 
Project: 
Job: 901962E 

Sample 
Identification 
HER-059 

" 

" 

w 

" 

" 

" 

Ww 

" 

w 

uw 
Parameter Result 
F -50 
cl 26.5 
PO4 +55 
NO3 2.14 
cr -197 
Ba 97 
Cd «213 
Ca 2.02 
Cu -200 
Fe -206 
Pb ~214 


AOVANCED TE 


BARRINGER LABORATORIES INC. 


Purch 


18000 W. 6TH AVE., SUITE 300 
GOLDEN, COLORADO 80401 
PHONE: (303) 277-1687 


1455 DEMING WAY, SUITE 15 
SPARKS, NEVADA 89431 
PHONE: (702) 358-1158 


22-Mar-90 


Page: 7 
Copy: 3 of 3 


Received: 13-Feb-90 


ase order 


Status: Final 


DUPLICATES (Cont'd) 


Parameter Resu 
HCO3 195. 
Hg <.00 
pH 7.74 
Se -008 
As -266 
Conductance 3192 
TDS 3289 
S04 2184 
Na 76.6 
zn -094 
TSS 1, 


Relative Deviation 


QUALITY CONTROL STANDARDS 


Cert. 
Result Target 
-50 -45 - 
26.05 24.1 - 
-50 -46 - 
1.98 1.78 - 
-200 -180 - 
1.00 -90 - 
-200 -180 - 
2.00 1.80 - 
-200 -180 - 
-200 2180 - 
-200 -180 - 


CHNIQUES AND 


INSTRUMENTATION FOR 


it Result % From Mean 
8 195.8 6) 
02 <.0002 0) 
7.78 «oD 
-008 0 
esate 2 
3196 ov 
3282 o2 
2144 ae. 
80.2 01.:7 
« LOL 7.0 
12 8.7 
Relative Deviation Spike % 
Range % From Known Recovery 
355 0 --= 
27.7 2 ——— 
54 9.5 --- 
2.18 8 . 76 
-220 LS 79 
1.10 3.0 94 
-220 6.5 103 
2.20 1.0 == 
-220 0) 96 
s2z2o 3.0 121 
-220 70 93 


f 


( 


15000 W. 6TH AVE. SUITE 300 
GOLOEN. COLORADO 80401 
PHONE: (303) 277-1687 


BARRINGER LABORATORIES INC. 1455 DEMING MAY, SUITE 15 


SPARKS, NEVADA 89431 
PHONE: (702) 358-1158 


22-Mar-90 
Bill Almas 
ENERGY FUELS NUCLEAR Page: 8 
One Tabor Center Copy: 3 of 3 
1200 17th Street 
Suite 2500 
Denver, CO 80202 
Attn: Received: 13-Feb-90 
Project: Purchase order 
Job: 901962E Status: Final 
QUALITY CONTROL STANDARDS (Cont'd) 
Cert. Relative Deviation Spike % 
Parameter Result Result Target Range % From Known Recovery 
Mg 1.95 2.00 1.80 = 2.20 2.5 = 
Mn -202 - 200 -180 - .220 1.0 95 
K 9.7 10.0 9.0 = 11.0 3«0 82 
Si02 1.08 1.07 -96 - 1.18 1.0 93 
Ag 1.< O07 1.00 90 = 1.10 7.0 99 
Hg -007 -008 -006 -— .009 13 100 
Se -020 ~025 ~017 = «028 22 === 
As -101 -100 -080 - .118 1 96 
Conductance 1413 1413 = ##<=<=< fe) aiaian 
TDS 1496 1479 L33siL = 1627 1 =<= 
S04 1059 1000 900 - 1100 6 =< 
Na -79 - 86 -76 - 96 FeO eS 
zn -201 -200 -180 - .220 0.5 95 
Gr. Alpha L186 £ 5 196 176 - 216 Sed === 
Gr. Beta 179. £ 2 173 156 - 190 3.05 == 
Ra-226 104 + 2 101 91 - 111 3.0 = 
Th-230 LO7 +. 3 99 89 - 109 8.1 <= 
U 1.00 1.00 0.95 = 1.05 0) === 
Approved by: LL. : aA 
? 
ADVANCE TECHNIQUES AND INSTRUMENTATION FOR THE EARTH SCIENCES 
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TO! GARY B76 , SABRE, Lasonavee/ES 2-/3-90 

| Maen ARey CASEMOLT _ 

. SMBTES ! CHANCE OF ANALY MS REGRETS HOR Survie # HER osy. 

if GARY, 

£0 AULD YOK USE THE ACLOMPRIVIWS Ae ne¥ 31S FORM. FOR SAME. |. 
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CVERGY FUELS MUELLER, (WC, 


1 


x 


S. 
i 


Zn 


Lf FEB-14-'9@ 16:12 ID:ENFSGYFUELS FREDONIA 


TEL NO: L6G26437323 


Set N Ss SAS aS 


SAMPLE ANALYSIS INFORMATION 
Perform those analysis marked with an X and circled 


3 Suspended 


Total Oissolved Suspended 
Tota Hissolrey Suspended 


ecilong 


pa 
Specific Cond. (aicromhos per centinet. 
TDS 


Total Dissolved Suspended 


TotaX Dissolved Suspended 
Suspended 


issolved Suspended 


Total Rfssolyst Suspended 


TotaK Dissolved Suspended 


Total issolve} Suspended 
Total @issolved Suspended 


Total Qissolved Suspended 
Total Dissolved Suspended 


TotalDissolved Suspended 
Total Gissolved Suspended 
— Suspended 
Total Dissolved)Suspended 
a 
Total (Tesolvey Suspended 


Alkalinity (as carbonate) 
Bicarbonate 

Carbonate 

Chloride - 


~ Yoite are ag/l unless othervise noted 


PERE TTT TE REE REIT RL EPL 


NO, as ¥ 


Gross Alpha* Cota) 
Gross Beta® (fotap 


220pae Total Dissolved Suspended 
226pa¢ Gots) Sisscivey Suspended 
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REVIEW OF SHAFT AND RAISE 
CLOSURE PLAN AT THE HERMIT MINE 
OF ENERGY FUELS NUCLEAR, INC. 


INTRODUCTION 
The Hermit Mine of Energy Fuels Nuclear, Inc. (EFNI), located 
in Section 17, T38N, R4W, Mohave County Arizona, is being closed 
because of depleted reserves. Part of Groundwater Quality 
Protection Permit No. G-0035-08 for the Hermit Mine reads as 
follows: 


"Upon cessation of mining operations, the operator shall 
implement the closure plan as referenced in the approved Plan 
of Operations. In the event that a geologic formation 
continues to produce water during the operational life of the 
mine, such formation shall be isolated from the lower geologic 
unit by the installation of a clay plug, a 40% clay/60% 
crushed shale plug or a bentonite plug in the main shaft, the 
air shaft and the monitoring well." 


= ee oe 


At the request of EFNI, a Behre Dolbear mining engineer 
visited the EFNI offices in Fredonia, Arizona on February 12, 1990 
to review those portions of the EFNI mine closure plan relating to 
water containment and mine access. After a thorough review and 
discussions with members of the EFNI staff, a trip was made to the 
Hermit Mine to examine the locations where EFNI is proposing to 
place various plugs, a bulkhead, and fill material. 

The person who made the examination was Richard Waissar, a 
Baining engineer with 29 years of experience and a registered 
_ professional engineer in Colorado. Mr. Waissar is familiar with 
| geology and ground conditions in the area, having previously 

provided consulting services for parties other than EFNI at the 
li Canyon, Pigeon, and Kanab North Mines, which are in the same 
geologic environment. 


3 PLAN DESCRIPTION 
ij The EFNI closure plan is depicted in Figure 1. During the 


site visit it was observed that water was flowing from the Toroweap 
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ore zone down the incline and into the production shaft at a rate 
estimated to be 15-20 gallons per minute. The objective of the 
EFNI plan is to isolate this flow and flows from the Coconino 
Sandstone, which underlies the Toroweap formation, from lower 
geologic units. The next lower known aquifer is located in the 
Muav limestone which is .separated=from™=the»Coconino sandstone™by 
1800—feet«of other sedimentary rocks. Of particular interest is 
the Hermit shale, a relatively tight, impermeable’ shale 
R/M aquifer is in 

approximately 30 feet below the Toroweap formation and about 1800 Suprise Canyon 
feet above the Muav limestone. Klinkenberg permeability tests aa 
performed on core samples of the Hermit shale taken at the mine 
showed an estimated vertical permeability below the detection level 
of the equipment, or at least 10" cm/sec. The bottom of the 
production shaft and the mine sump are in this shale. The various 
geologic structures are shown in Figure 2. 

Referring once again to Figure 1, the sequence of the EFNI 
plan is as follows: 

i Drill and blast keyway excavation in production shaft at 


3854 elevation. 


2% Fill shaft with waste rock to 3854 elevation. 
Sie Pour 6-foot steel-reinforced concrete plug at key 
location. 


4. After concrete plug cures sufficiently, fill shaft with 
waste rock backfill to 3912 elevation. 


ee Place a 5-foot layer of bentonite at 3912 elevation. | 
6. Widen mouth of raise at end of 3920 level. My 
a. Pour 3-foot thick, steel-reinforced concrete plug | 


beginning 5 feet below mouth of raise. 

8. Place 2-foot thick layer of bentonite on top of concrete 
raise plug. 

9. Construct 2-foot thick timber bulkhead in 3920 level to 
seal off shaft from level. 
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Backfill shaft and portion of shaft station at 3920 level 
with Moenkopi derived soil obtained from. surface 
excavations (called "native clay formation fill" in 
Figure 1). 

Place 5-foot thick bentonite clay cap on top of Moenkopi 
material at 3983 elevation. 

Fill shaft to 4846 elevation with waste rock. 

Drill and blast 5-foot keyway at 4846 elevation. 

Pour 5-foot thick, steel-reinforced concrete plug at 4846 
elevation. NOTE: The purpose of this plug is to prevent 
surface subsidence and to assist in the prevention of 
surface water inflows. 

Place 5-foot thick bentonite plug on top of concrete 
plug. 

Fill shaft to within 10 feet of surface with waste rock. 
Fill remaining portion of production shaft with surface 
soil. 

Fill ventilation shaft and stope with waste rock to a 
point approximately 11 feet below the Coconino sandstone. 
Using a concrete bucket suspended from a cable, pour a 
6-foot thick concrete plug on top of the rock fill. 
NOTE: The ventilation shaft was bored by machine. The 
walls, although relatively smooth, are typically 
sufficiently grooved by the reamer employed in making the 
opening to promote a good bonding action between the 
shaft walls and the concrete. 

Place 5 feet of bentonite on top of concrete plug. 

Fill shaft with 38 feet of "native clay formation" to 
seal off Coconino sandstone. 

Place 5 feet of bentonite on top of native clay. 

Fill ventilation shaft with waste rock to within 35 feet 
of surface. 

Drill and blast 10-foot diameter keyway at 4846 


elevation. 


25. Pour 5-foot, steel-reinforced concrete plug. 

26. Place 5 feet of bentonite on top of concrete. 

27. Fill shaft with waste rock to within 10 feet of surface. 
28. Fill remaining portion of shaft with surface soil. 


The shaft plug at the 3854 elevation will be poured on a 
wooden platform supported by steel beams which now form part of an 
existing shaft set. The raise plug will be poured on timbered 
lagging. All other concrete plugs will be poured directly on rock 
backfill. Sketches prepared by an EFNI engineer showing rebar size 
and spacing, concrete specifications, and plug dimensions are 
attached to this report. 

While at the site, a visual examination was made of the 
Moenkopi derived soil to be placed in the shafts. The material 
appeared to have high clay and shale contents, which should make 
it suitable for its intended purpose. Laboratory tests on samples 
of the material to determine its suitability are currently being 
performed by the firm of Chen Northern, Inc. in Denver. The test 


results, however, were not yet available at the time this report 


was prepared. 


CONCLUSIONS 

It is the opinion of Behre Dolbear that EFNI closure plan for 
the Hermit Mine meets or exceeds the requirements of Groundwater 
Quality Protection Permit No. G-0035-08. Migration of any mine 
inflow to the Muav limestone is essentially precluded by the fact 
that the two shafts bottom in the tight Hermit shale which should 
preclude any possible intermingling of aquifer waters. Further 
protection is afforded by the design of the concrete plugs and 
bentonite caps which are more than adequate to insure compliance 
with the permit requirements. Finally, the apparent clay content 
of the Moenkopi derived soil should insure the isolation of the 


Toroweap-Coconino formations from the lower geologic units. 
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HERMIT MINE 
GROUNDWATER MONITORING REPORT 
MINING PHASE 


SUBMITTED TO 
ARIZONA DEPARTMENT OF ENVIRONMENTAL QUALITY 


BY 
ENERGY FUELS NUCLEAR, INC. 


FEBRUARY 12, 1990 


Hermit Mine 
Groundwater Monitoring Report 
Mining Phase 


Introduction 


The Hermit Mine operates under the terms and conditions of the 
Hermit Mine Groundwater Protection Permit #G-0035-08. Section 
II.B.1.b. of the Permit outlines groundwater monitoring actions 
which must be taken during the mining phase of operations. This 
report presents and summarizes data collected during the mining 
phase. 


Table I lists the dates, types and purposes of samples included 
within this report. 


Discharge Monitoring 


The Hermit Mine Facility was designed as a non-discharging 
facility. The surface facilities associated with the mine have 
been designed so that all surface water drains to lined surface 
impoundments. Mine water produced during mining operations has 
been pumped to the lined surface impoundments for evaporation or 
for use within the mine operations area for dust suppression. 


A septic system with an associated leach field has been 
constructed at the Hermit Mine for disposal of sewage and wash 
water only. In compliance with provisions of the Groundwater 
Protection Permit, septic system effluent is sampled on an annual 
basis and analyzed for the parameters listed in II.B.2.b. 


An annual septic system sample was obtained by bailing from the 
septic tank through the clean-out port. Analytical results are 
presented as Attachment I to this report. 


Impoundment Monito ig 


The lined evaporation ponds are inspected visually on a daily 
basis by mine personnel. Once a month a formal inspection is 
performed by the Mine Superintendent and documented on a Safety 
and Environment Inspection Form. No mechanical damage to the 
liner has been detected. Adequate freeboard has been maintained 
throughout the mining operation. 


Sample 
Rate 


06-27-89 
06-29-89 
06-27-89 
09-21-89 
09-21-89 
09-21-89 
10-19-89 


10-02-89 


TABLE I 


Summary of Mining Phase Groundwater Samples 


Sample 
Purposes 


Mine Sump 
Monitor Well 
Shaft Sample 
Monitor Well 
Sump Sample 
Shaft Sample 
Confirmation 
Sample 

Septic Sample 


Sampling 


at. 
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yi 
LL. 
pm 
it. 
LL. 
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Parameters 


Monitor 


Period 


gnd 
gnd 


Quarter 
Quarter 
Quarter 
Quarter 
Quarter 
Quarter 
Quarter 


Annual 


Groundwater Monitoring 


Groundwater monitoring of the water supply/monitoring well, 
Department of Water Resources Well Registry #55-518877 has taken 
place on a quarterly basis during the mining phase. Samples #HER’ 
044 and HER"048 represent Second and Third Quarter, 1989 sampling 
data. Results are included in Attachment II. 


Sample HER 044 was sampled for the list of parameters listed in 
II.B.2.a (Indicator Parameters), as per requirements of the 
Groundwater Protection Permit. It was determined after review of 
HER 044 that sample analysis indicated concentrations of iron 
(Fe), manganese (Mn) and uranium (U) in excess of maximum ground- 
water limits as established in the premining period (Refer to 
Hermit Mine Premining Water Quality Report). A confirmation 
sample for the comprehensive list of parameters contained in Part 
II.B.2.b was then taken on October 19, 1989 and is identified as 
HER 051. HER 051 results are contained within Attachment II. 


Water Quality Results 


Table II, Mining Water Quality Results, presents a comparison of 
monitor well water quality analysis results (CHER 044, 048 and 
051) to maximum groundwater limits as determined following 
procedures in the Groundwater Protection Permit. 


Concentrations of Mn.and Uv» have consistently..exceeded» maximun 
_groundwater.limits.for the three samples for which sample results 

are available. Additionally, magnesium, potassium, sodium, gross... 
beta and electrical conductivity exceeded maximum groundwater 

limits in the HER 051 sample. 


Several possible explanations for the exceedances exist. The 
most likely explanation is that increased sediment from the well 
field has resulted in increased levels of radionuclides and other 
constituents within well water. According to field personnel 
responsible for sample collection, a noticeable change in the 
amount of suspended solids occurred during January and February, 
1989. 


Could be due to Fe precipitating back out of solution 


The color of well water changed from nearly clear to red in 
color. The red color is apparently due to increased silt and 
fine sand from the Redwall-Mauv formation. The increased 
suspended solids could indicate that continued pumping of the 
well for operational purposes is resulting in increased fine 
sediment from the production zone within the Redwall-Mauv 
aquifer. Possible sources of fine sediment and sand are silty 
sandstone layers within the Redwall-Mauv formation. The 
existence of these layers is well documented in Billingsley 
(1985). The introduction of additional suspended sediment may be 
a source of higher concentrations of some chemical constituents 
in monitoring samples. Additionally, since radionuclides are 
analyzed for total concentrations (dissolved and suspended 
constituents), increases in sediment contribute to greater 
concentrations. 


In order to test this theory, two Hermit Mine monitor well 
samples have been analyzed again for both dissolved and total 
uranium concentrations. Comparison of uranium analyzed for both 
dissolved and total uranium within the same sample shows dramatic 
reduction in uranium content when considering only dissolved 
uranium. The Fourth Quarter, 1989 groundwater monitoring well 
sample (HER 052; submitted under separate cover) indicates 
dissolved uranium at a concentration of 0.003 mg/l. Total 
uranium is shown as 0.024 mg/l. The concentration of 0.003 mg/l 
is within maximum groundwater limits. Also, reanalysis of sample 
HER 048 indicates a similar reduction in uranium concentrations 
from 0.0041 mg/l total uranium to 0.0011 mg/l dissolved uraniun. 


Sampling and/or analytical procedures and variability are other 
sources of possible error. Groundwater monitoring samples are 
collected following procedures outlined in the Groundwater 
Protection Permit and recommended sampling protocols outlined in 
EPA publication EPA/600/2-85/104, "Practical Guide for 
Groundwater Sampling". Sampling procedures include appropriate 
field filtering with a 0.45 micron filter after voiding the well 
casing volume, preservation of samples with appropriate 


stabilizing chemic :, cooling of samples to low 4°C and usual 
holding times between laboratory and sampling of between 12 and 
48 hours. Also, Chain of Custody forms are completed and 
maintained as documentation. Sampling error has been minimized 
through adherence to these procedures. 


The accuracy of analytical techniques and equipment is another 
possible source of error. Parameters indicating concentration 
increases in the 0.1, 0.01 or 0.001 of a mg/l must be viewed in 
the context of the accuracy and variability of equipment and 
laboratory techniques. Individual sample analysis can not be 
viewed as a reliable indicator of real trends in groundwater 
quality at negligible concentration levels. Only repeated 
sampling with adequate quality control can be relied upon to show 
real trends. 


Month/1989 


June 

July 
August 
September 
October 
November 
December 


TABLE III 
Mine Inflow During Mining 


Total Volume (Gallons) 


527 , 800 
660,672 
678,528 
777 ,600 
758,880 
734,400 
669,600 
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15000 W. 6TH AVE., SUITE 300 
GOLDEN, COLORADO 80401 
PHONE: (303) 277-1687 


BARRINGER LABORATORIES INC. 1488 DEMING WAY, SUITE 15 


SPARKS, NEVADA 89431 
PHONE: (702) 358-1158 


17-May-90 
Bill Almas 
ENERGY FUELS NUCLEAR Page: 8 
One Tabor Center Copy: 3 of 3 
1200 17th Street 
Suite 2500 
Denver, CO 80202 
Attn: Received: 2-Apr-90 16:37 
Project: PO #: 
Job: 902181E Status: Final 

QUALITY CONTROL STANDARDS 
Cert. Relative Deviation Spike % 
Parameter Result Result Target Range % From Known Recovery 
cl 25.26 26.05 24.1 - 27.7 Bind === 
NO3 2.08 1.98 1.78 - 2.18 4.9 71 
F 51 e320 -45 - .55 2.0 = 
P04 «53 ~50 -46 - .54 5.8 <a 
Cond. 1413 1413 ==== ) === 
AS -102 -100 -080 - .118 2 Sma 
Hg -005 -005 -004 - .006 6) e =e 
Se -O21 -025 O17 = .028 17 =—<—= 
onl -208 - 200 -180 - .220 4.0 101 
Ba 1.08 1.00 «90 = 1.10 8.0 99 
cd 212 - 200 «180 = £220 6.0 107 
Ca 2.07 2.00 1.80 - 2.20 3.5 <= 
Cu -196 -200 -180 - .220 20 93 
Fe -203 - 200 ~-180 - .220 1.5 == 
Pb -209 -200 180 = .220 4.5 93 
Mg 1.98 2.00 1.80 - 2.20 1.0 << 
Mn -207 -200 -180 - .220 305 125 
K 10.2 10.0 9.0 = 11,0 2.0 78 
Ag 1.02 1.00 290 - 1.10 2.0 91 
Na -78 - 86 «76 = 4.96 8 a 
zn -204 -200 180 - .220 2.0 105 
TDS 1434 1479 1331 — 1627 3h =e 
S04 1063 1000 900 - 1100 6.1 os 
$102 1.06 1.07 96 - 1.18 1.0 81 
Gr. Alpha 190: = 5 196 176 - 216 3.1 <= 
Gr. Beta Ld: = 2 173 156 - 190 As6i2 aes 
Ra-226 106 + 3 101 2. = Lah 5.0 saison 
Th-230 89 + 2 96 86 - 106 ves aa 
U 35 34 31 = 37 2.9 ==> 
Approved by: 5 . 
AOVANCED TECHNIQUES AND INSTRUMENTATION FOR THE EARTH SCIENCES 


SEND TO: BARRINGER. LABORATORIES prc. 


[5000 W. O74 AVE. Sleré Joc,  CHAIM OF CUSTODY RECORD - CLIENT COPY 


SENT FROM 2S: C222, GO92) 


Sampler’s Name: 2.Cas€GoiT 
Company Name: EMERY Sues. MiUCLéAR LHe. 
Company Address: 


Client Sample Date/Time 
.D. # Location of Sampling 


$, R 


I.D. # 


SRS 
= y 
a | 
Ee 


4 Date/Time Recs ived By: (Signature) 
3/26/40 a 

L Eales | 5 ch Phe khan a laheo 9:3) 

Relinguished By: (Signature) | Date/Time | Received for BLI By: (Signature) 

a Meee ee 


Relinguished By: (Signature) 


Ky 
roy 


$ | 
$ 


back of form 
Comments 


Shipping Information 
Carrier: “YAS 
Date Shipped: 3-29-70 4 


TPT ER EE RT ERE EE ERT 


Cu. 


F 
Fe 
Pb 


te ne at ee seme 


SAMPLE ANALYSIS INFORMATION 


Perform those analysis marked with an X and circled 


Total Suspended 
Total Gissolved Suspended 
Totalissolved) Suspended 


Total Dissolved Suspended 


Total Dissolved Suspended 
Total Dissolved Suspended 
Dissolved Suspended 
Total Dissolved) Suspended 
Totak Dissolved Suspended 
Totak Dissolved Suspended 
Total Dissolved Suspended 


Total Dissolved Suspended 


Total Dissolved Suspended 


Total Dissolved Suspended 
Total fissolved Suspended 


Total(Dissolved Suspended 
Tota Suspended 


Totad Dissolved Suspended 


Total Suspended 


Alkalinity (as carbonate) 
Bicarbonate 


Carbonate 
Chloride 


| are ag/l unless othervise noted 


pi 
Specific Cond. Gaicromhos per centimeter 
TDS 


sO, 
Sid, 


Gross Alpha® Kissolved Suspended 
Gross Beta® (Total) Gissolved) Suspended 


a20hae Total Dissolved Suspended 
226Ra* otal Gissolves Suspended 
Total UL. rota} Gissolves Suspended 
210,» Total Dissolved Suspended 
A208 54 Total Dissolved Suspended 
ai ‘a Total Dissolved Suspended 
2a8ye Total Dissolved Suspended 
| Total Dissolved Suspended 
220T}° Total Dissolved Suspended 
2007)? (Fotal)Gissolved Suspended 
a 6 Total Dissolved Suspended 
bie Total Dissolved Suspended | 


“Units are pCci/l 


es eat edt Segoe Tent, Sata ee eee a Be wots AN ee ee eansiee LATA Se eS . ae tt as — — 
AoE A te Ce a tee eT de ARE ee Pre EE is A Ree i = Sr Sa ceel SOT a SRT Ae Pw e  TRe SSDS Bee eh es a a a 


SECOND QUARTER, 1990 
GROUNDWATER MONITOR WELL 


ANALYTICAL RESULTS 


: rt = ee er eee ee ee eee 
re tet ee Dee Os a ee it ert a Oa ce Ne eS ee oe Saale See 


Pd 


mnimmw EH He HE HE HE EF Ee EE FF BF al es 


SOP nd re 


067297990 15:06 @303 277 1689 BARRINCER B02 


18000 W, 6TH AVE. guITE 300 
GOLDEN, COLORADO 8040! 
PHONE. {3031 277-1887 


BARRINGER LABORATORIES INC. Nib OEMING way, SUITE 1 


SPARKS, NEVADA &6431 
PRONE: (702) Jude thy 
i‘ 22-Jun-56 
Larry Casebolt 
ENERGY FUELS NUCLEAR es Page: 1 
P.O. Box 36 Copy: 2o0f 3 
Fredonia, AZ 86022 4 Set : 1 
Attn: : Received: 18-May-90 15:35 
Project: "BO #: 
Sample ‘Type: Water 
Ag As Ba Ca cd GY 


Dissolved Dissolved Dissolved Dissolved Dissolved Total 
Sample _mg/]ls __mg/l ss -_ _mg/) ss Csmg/) Cm / Fg /) 


HERO64 «0.01 <0.001 0.01 610 0.007 <0,01 
cu F Fe Pb Mg Mn 
Dissolved Dissolved Dissolved Dissolved Dissolved 
Sample _mg/l _. _ma/)_ = _ ma/) —sd-W __ mg/d ‘ 
HEROG4 <0.01 #=1.4 13.2 <0.02 186 0.18 


Hg K Se Na an Alkalinity 
Dissolved Dissolved Dissolved Dissolved Dissolved as Caco3 
Sample —omy/) oo m/l Lm fmf 


HERO64 <0.0002 22.5 <0.001 82.6 <0.005 170 
HCO3 co3 Ci PH Specific TDS Tss 
as Caco3 as Cacdo3 Conductance 
Sample _mg/]_ _mg/) mg/l _unit . umho/em  _ma/)_ _ma/l_ 
HERO64 170 <1 41 8.06 3318 3320 93 
NO3 as N PO4 as P S04 $i02 Gross Alpha Error 


Dissolved Dissolved 
Sample _ma/l. _mg/) mg/l) _mo/)_s- __pei/) 2 


HERO64 <0.1 0.3 1150 13.3 "= 12 £14 


Gross Beta Error Gross Alpha Error Gross Beta Error 
Dissolved Total Total 


Sample _pei/l 20%. __epei/)2g*® | pciyi 2 
HERO64 37 +12 44 +18 35 +12 


: 


H 


{ 
i 


06/29/90 15:07 @303 277 1689 BARRINGER BOOZ 


18000 W. BTH AVE. SUITE UD 
GOLSEN, COLORADO 80401 
PHONE. (303) 277-1687 


BARRINGER LABORATORIES INC. Mis OGMING WAY, SUITE 13 


SPARKS, HEVADA 8843) 
PHONE. (702) 356-1168 
i 22-Jun-90 
Larry Casebolt 
ENERGY FUELS NUCLEAR Page: 2 
P.O. Box 36 Copy: 2 of 3 
Fredonia, AZ 86022 F Set : a 
Attn: Received: 18-May-90 15:35 
Project: "PO #: 
e . ‘ e a 


Sample‘Type: water 


Ra-226 Error Ra~226 Error MTh-230 Error Tnh-e230 Error 


Dissolved Total Dissolved Total 
Sample _.pci/) 20%  _pci/i 20* _ peci/)  gg% _pCis) 26% _ 
HERO64 1.7 £0.58 2.0 £0.7 0.9 £+0.6 1.0 +0.9 

U U ss 

Dissolved Total 

—ng/l ss _mg/)_ 


HEROG64 0.0008 0.0082 


SE Ee Ra late a SE GT NL A cece athe ee a ieee SORE RE OT en OR 


~ 


a 
y 
Pe 


if 


06/29/90 15:07 303 277 1689 


BARRINGER 


BARRINGER LABORATORIES INC 


O04 


YOON W. BIN AVE. SUITH yuu 
QOLGEN, COLORADO 86401 
bxOne: (303) 279-1687 


1466 OEMING WAY SUITE 18 


SPARKS, NEVADA Bbu3! 
‘ PHONE: (702) 358-1160 
| 22-Jun-50 
Larry Casebolt 
ENERGY FUELS NUCLEAR Page: 3 
P.O. Box 36 copy: 2 of 3 
Fredonia, AZ 86022 Set ; He 
Attn: . Received: 18-May-90 15:35 
Project: "PO #: 
» ® 4 
He 
Abbreviations: 
Parameters: 
Ag : Silver 
As t Arsenic 
Ba : Barium 
ca : Calcium 
cd : Cadmium 
er : Chromium 
cu : Copper 
F : Pluoride 
Fe ! Iron ‘ 
Pb : Lead 
Mg $ Magnesium 
Mn : Manganese 
Hg : Mercury 
K t Potassium 
86 + Selenium 
Na : Sodium 
2n : Zine 
HCO3 : Bicarbonate 
co3 : Carbonats 
ci : Chloride 
TDS : Total Dissolved Solids 
TS8 : Total Suspended solids 
NO3 as N : Nitrate 
PO4 as P ; Phosphate 
S04 : Sulfate 
$102 : Silica 
Ra~226 : Radlum=226 
Th-230 ‘: 


Thorium-230 


PLE SERIE Sa ne tele ee I AR. Tae NE Ns aon, 


06/29/90 15:08 303 277 1689 BARRINGER BOOS 


fatotes 


16600 W. 6TH AVE, SUITE 300 
GOLGEN, COLORADO 86401 


PHONE. (303) 277.1687 
BARRINGER LABORATORIES INC. ak areiareaes aca'e 
SPARKS, NEVAOA $043) 
PRONE: (702) 364-1188 
r 22-Jun-90 
Larry Casebolt 
ENERGY FUELS NUCLEAR Page: 4 
P.O. Box 36 Copy: 2o0f 3 
Fredonia, AZ 86022 * Set : i 
Attn: i Received: 18-May-90 15:35 
Project: - PO #: 
: tus: FP 
U : Uranium Abe age 
Units: 
mg/l : milligrams per liter 
pmho/cm : micromhos per centimeter at 25C 
peLysl : picoCuries per liter 
2o* ; * Counting error at the 95% confidence level, 29 
Quality control: 
< ': less than 
Signed: : 
delim etna Pes eceasins Senselies 
Gary Zito. 


Laboratory Supervisor 
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FIRST QUARTER, 1990 


SPLIT SAMPLE 


ANALYTICAL RESULTS 


ENERGY FUELS NUCLEAR 
2555 N. HIGHWAY 89A 
FREDONIA, AZ 86022 


Copy To: 

BILL ALNAS 

ENERGY FUELS NUCLEAR 

1 TABOR CENTER, SUITE 2500 
1200 17TH. ST’. 

DENVER, CO 80202 


i... samples to be disposed of 30 days after the date of this report. 


ACCU-LABS RESEARCH, 


REPORT 


BILL ALNAS Lab Job Number: 
Date Samples Received: 04/02/90 
Customer PO Number: 27883 


“apr 24 1990 


ALR Designation - 9813-33670-1-1 

Sponsor Designation - HERO 62 

Date Collected - 03/28/90 

| Determinations in mg/L unless noted 

Barium - dissolved <0.05 
Cadmium - dissolved <0.005 
Calcium - dissolved 510 
Chromium - total 0.12. 
Copper - dissolved 0.072 
Iron - dissolved , 86 
Magnesium - dissolved 200 
Manganese - dissolved 1.1 
Mercury - dissolved <0.0001 
Potassium - dissolved 22 
Silica-iCP - dissolved 5.9 
Silver - dissolved <0.005 
Sodium - dissolved 69 
Zine - dissolved 0.023 
Alkalinity, Total (as CaCO3 to ph 4.5) 150 


: 
b 
i 
i 
i 
i 
i 


11485 West 48th Avenue - Wheat Ridge, CO 80033 - (303) 423-2766 


9813-33670-1 


LANDMARK 


3 x CE Se TS sete Pe he hee Ee Chee at a i a Tene ae LE rg ee a SS SE tet rete 
TES Le ental a ae OA EE Sa ae i ne SE Set Li i a a A oe * < 
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ACCU-LABS RESEARCH, INC. 
ANALYS 15S REPORT 
DATE: 04/20/90 PAGE 2 
Lab Job Number 9813-33670-1 


These samples to be disposed of 30 days after the date of this report. 


ALR Designation - 9813-33670-1-1 
Sponsor Designation - HERO 62 
Date Collected - 03/28/90 


Determinations in mg/L unless noted 


_ = = 


arbonate (as C03) <5 
icarbonate (as HCO3) 180 
H 
(pH Units) : 7.4 
pecific Conductance 
(umhos/em) 3,500 
Arsenic - dissolved <0.01 ( 9] 
i... - dissolved <0.005 
Selenium - dissolved <0.005 
itrate (as N) <0.05 
tthophosphate (as P) 0.07 
Total Dissolved Solids (3180 °C) 3,400 
| iapp Suspended Solids (3105 °C) : 280 
hioride ‘ ‘ 48 
Fluoride 1.6 
sulfate (as S04) 2,000 


\ 


Notes: 


Mary isiak . 
Water Laboratory Supervisor 


MF/dh die 


12) 
‘. 


See) —_ 


FA acc tae tor A a ee re a RR en ee a 


[ 9] -- HIGHER D.L. DUE TO SAMPLE MATRIX INTERFERENCE 
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ACCU-LABS RESEARCH, INC. 


11485 West 48th Avenue - Wheat Ridge, CoO 80033 - (303) 423-2766 


CORRECTED REPORT ANALYST1IS REPORT 

DATE: 06/27/90 PAGE 1 
BILL ALMAS Lab Job Number: 9813-33670-1 
ENERGY FUELS NUCLEAR Date Samples Received: 04/02/90 
2555 N. HIGHWAY 89A Customer PO Number: 27883 


FREDONIA, AZ 86022 


Copy To: 
BILL ALMAS 
ENERGY FUELS NUCLEAR 


\ 


Bl Sponsor Designation - HERO 62 


1 TABOR CENTER, SUITE 2500 
1200 LI/TH. ST. 
DENVER, CO 80202 
These samples to be disposed of 30 days after the date of this report. 
ALR Designation - 9813-33670-1-1 
Date Collected - 03/28/90 
Determinations in pCi/L unless noted 
Gross Alpha - dissolved 6 + 20 * 
Gross Alpha - total : 12 + 20 * 
Gross Beta - dissolved 25 + 16 * 
| Gross Beta - total 26 + 16 * 
Radium-226 - dissolved 6.1 + 0.4 * 
Radium-226 - total 8.0 + 0.4 * 
Thorium-2390 - dissolved ; 0.3 + 0.2 * 
' Thorium-230 - total 0.5 + 0.3 * 
Uranium - dissolved 
(mg/L) <0.001 
~“ Uranium - total ; 


(mg/L) 0.005 


* Variability of the radioactive disintegration process (counting error) at the 95% confidence level, 1.96. 


i bs 


Bud Summers 
Radiochemistry Supervisor 


| BS/dh AW 
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FIRST QUARTER, 1990 


MINE SUMP ANALYTICAL RESULTS 
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™ 15000 W. 6TH AVE., SUITE 300 
GOLDEN, COLORADO 80401 
PHONE: (303) 277-1687 


BARRINGER LABORATORIES INC. ses sou non sare 


SPARKS, NEVADA 89431 
PHONE: (702) 358-1158 
22-Mar-90 
Bill Almas 
ENERGY FUELS NUCLEAR Page: a: 
One Tabor Center Copy: 3 of 3 
1200 17th Street Set ;: 1 
Suite 2500 
Denver, CO 80202 
Attn: Received: 13-Feb-90 
Project: Purchase order : 
Job: 901962E Status: Final 
Sample Type: Water 
HCO3 As Ba CoO3 Cd 
as Caco3 Dissolved Dissolved as CacO3 Dissolved 
Sample mg/l mg/l mg/l mg/l mg/l 
HER 059 196 0.266 <0.01 196 <0.005 
Ca cl cr Specific Cu F 
Dissolved Total Conductance Dissolved 
Sample mg/l mg/l mg/l umho/cm mg/l mg/l 
HER 059 513 30 <0O.01 3190 <0.01 he 8 
Fe Pb Mg Mn Hg 


Dissolved Dissolved Dissolved Dissolved Dissolved 


Sample mg/l mg/l mg/l mg/l mg/l 
HER 059 0.11 0.04 168 0.04 <0.0002 


NO3 as N pH P04 as P K Se Si02 
Dissolved Dissolved Dissolved 


Sample __mg/l unit mg/l es ee: | x eee | ¢ ae 


HER 059 6.0 Let . <0.1 27.5 0.008 9.9 
Ag Na TDS TSS S04 Zan 
Dissolved Dissolved Dissolved 
Sample mg/l mg/l mg/l mg/l mg/l mg/l 
HER 059 0.01 76.6 3290 5 i 2180 0.094 


ADVANCED TECHNIQUES AND INSTRUMENTATION FOR THE EARTH SCIENCES 


15000 W. 6TH AVE., SUITE 300 
GOLDEN, COLORADO 80401 
PHONE: (303) 277-1687 


BARRINGER LABORATORIES INC. 1455 DEMING WAY, SUITE 18 


SPARKS, NEVADA 89431 
PHONE: (702) 358-1158 


22-Mar-90 
Bill Almas 
ENERGY FUELS NUCLEAR Page: 2 
One Tabor Center Copy: 3 of 3 
1200 17th Street Set : 1 
Suite 2500 
Denver, CO 80202 
Attn: Received: 13-Feb-90 
Project: Purchase order : 
Job: 901962E Status: Final 
Sample Type: Water 
Gross Alpha Error Gross Beta Error Gross Alpha Error 
Dissolved Dissolved Suspended 
Sample pci/l 20* pci/l 20* pci/l 20* 
HER 059 5500 +100 1190 +30 750 +20 
Gross Beta Error Ra-226 Error Ra-226 Error 
Suspended Dissolved Suspended 
Sample pci/l 20* pci/l 20* pei 7/1 20* 
HER 059 1040 +10 210 +10 ‘83 £3 
Th-230 Error Th-230 Error U UO 
Dissolved Suspended Dissolved Suspended 
Sample pci/l 20* pci/l 20* mg/l mg/l 
HER 059 0.5°20.6 100 +10 4.29 0.243 


AOVANCED TECHNIQUES AND INSTRUMENTATION FOR THE EARTH SCIENCES 


‘ 


Bill Almas 


BARRINGER LABORATORIES INC. 


ENERGY FUELS NUCLEAR 


One Tabor Center 
1200 17th Street 
Suite 2500 

Denver, CO 80202 


Attn: 
Project: 


Job: 901962E 


Pending analyses: 
C03//mg/1 


Abbreviations: 


Analyses: 


wo 
ry) 


PO4 as P 


z 
Oo 
rm) 
iy 
n 
Zz 


ADVANCED 


Purchase order 


Arsenic 
Barium 
Bicarbonate 
Cadmium 
Calcium 
Chloride 
Chromium 
Copper 
Fluoride 
Iron 

Lead 
Magnesium 
Manganese 
Mercury 
Nitrate 
Phosphate 
Potassium 
Selenium 
Silica 
Silver 
Sodium 
Total Dissolved Solids 
Total Suspended Solids 
Sulfate 
Zinc 


18000 W. 6TH AVE., SUITE 300 
GOLDEN, COLORADO 80401 
PHONE: (303) 277-1687 


1455 DEMING WAY, SUITE 15 


SPARKS, NEVADA 89431 

PHONE: (702) 358-1158 
22-Mar-90 
Page: 3 
Copy: 3 of 3 
Set : i, 


Received: 13-Feb-90 


Status: Final 


TECHNIQUES AND INSTRUMENTATION FOR THE EARTH SCIENCES 
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Bill Almas 

ENERGY FUELS NUCLEAR 
One Tabor Center 
1200 17th Street 
Suite 2500 

Denver, CO 80202 


Attn: 
Project: Purchase order : 


Job: 901962E 


BARRINGER LABORATORIES INC. 


15000 W. 6TH AVE., SUITE 300 
GOLDEN, COLORADO 80401 
PHONE: (303) 277-1687 


1455 OEMING WAY, SUITE 15 


SPARKS, NEVADA 89431 

PHONE: (702) 358-1158 
22-Mar-90 
Page: 4 
Copy: 3 of 3 
Set : 1 


Received: 13-Feb-90 


Status: 


Final 


Ra-226 : Radium-226 
Th-230 : Thorium-230 
U : Uranium 
Abbreviations: 
Units: 
mg/1 : milligrams per liter 
umho/cm : micromhos per centimeter at 25C 
pci/l : picoCuries per liter 
20* : * Counting error at the 95% confidence level, 20 
Quality control: 
< : less than 
Signed: ‘a 


Gary Zito 
Laboratory Supervisor 


ADVANCED TECHNIQUES AND INSTRUMENTATION FOR THE 


EARTH 


Bill Almas 


ENERGY FUELS NUCLEAR 


One Tabor Center 
1200 17th Street 


Suite 2500 
Denver, CO 80202 
Attn’ 

Project: 

Job: 


901962E 


Time Received: 


Sample Container Type: large cube 


Sample Type: water 
Preservative When Received: 
Additional Lab Preparation: 


Parameter Ref 


As 


dL 
Ma 
1 
1 
1 
1 
1 
1 
iL, 
1 
Pb 1: 
J. 
1 
J. 
1 
KE 
1 
1 
1 
1 
1 
Conductance 1 


BARRINGER LABORATORIES INC. 


15000 W. 6TH AVE., SUITE 300 
GOLDEN, COLORADO 30401 
PHONE: (303) 277-1687 


1455 DEMING WAY, SUITE 15 
SPARKS, NEVADA 89431 
PHONE: (702) 358-1158 


22-Mar-90 
Page: 5 
Copy: 3 of 3 
Received: 13-Feb-90 
Purchase order : 
Status: Final 
QUALITY CONTROL DATA SHEET 
Date: 2/13/90 By: Receiving Via: Picked up 
1. HNO3 2. H2SO04 3. None 4. NaOH/ZnoAc 
none 
Date(s) of 
Method LLD Preservative Analyst . Analysis 
340.2 -05 mg/l 3 Acree 2/16 
325.2 1 mg/l 3 Hobbs 2/16 
365.1 -1 mg/l 3 Hobbs 2/20 
353.1 -1 mg/l 2 Hobbs 12/21 
200.7 -01 mg/l 2 Hidalgo 2/22 
200.7 -01 mg/l 1 Hidalgo 2/22 
200.7 .005 mg/l nA Hidalgo 2/22 
200.7 -01 mg/l » | Hidalgo 2/22 
200.7 -01 mg/l a Hidalgo 2/32 
200.7. .01 mg/l 1 Hidalgo 2/22 
200.7 .001 mg/l 1 Hidalgo 2 fia 
200.7 -0O1 mg/l 1 Hidalgo 2/22 
200.7 -0O1 mg/l 1 Hidalgo 2/22 
200.7 -5 mg/l 3 Hidalgo 2/22 
200.7 -01 mg/l ef Hidalgo 2/22 
200.7 -01 mg/l 1 Hidalgo 2/22 
210.1 1 mg/l 3 Acree 2/23 
* 245.1 .0002 mg/l 1 Swanson 3/2 
150.1 -01 mg/l 3 Acree 2/23 
270.2 .001 mg/l 3 4 Gilleland 3/2 
206.2 .001 mg/l 1 Gilleland 3/5 
1201 -001 mg/l 1 Hencmann 2/19 


AOVANCED TECHNIQUES AND INSTRUMENTATION FOR THE EARTH SCIENCES 
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| 15000 W. 6TH AVE., SUITE 300 
GOLDEN, COLORADO 80401 
PHONE: (303) 277-1687 
BARRINGER LABORATORIES INC. ile ele a tee 
SPARKS, NEVADA 89431 
| PHONE: (702) 358-1158 
22-Mar-90 
Bill Almas 
bi ENERGY FUELS NUCLEAR Page: 6 
: One Tabor Center Copy: 3 of 3 
1200 17th Street 
Suite 2500 
5 Denver, CO 80202 
Attn: Received: 13-Feb-90 
6 Project: Purchase order : 
Job: 901962E Status: Final 
ie 
g QUALITY CONTROL DATA SHEET (Cont'd) 
Date(s) of 
Parameter Ref Method LLD Preservatives Analyst Analysis 
a TDS 1 160.1 10 mg/l 3 Acree 2/19 
S04 1 375.3 5 mg/l 3 Acree 2/19 
Na 1 200.7 -01 mg/l 1 Hidalgo 2/22 
4 zn + 200.7 .005 mg/l fae 3 Hidalgo af22z 
TSS nF 160.2 4 mg/l 3 Acree 2/23 
Gr. Alpha 4 900.0 1.0 pCi/l = Kidwell  2/26-3/12 
| Gr. Beta 4 900.0 2.0 pCci/l 3 Kidwell-. 2/26-3/12 
Ra-226 4,7,14 SM-705 0.2 pCci/1l 3 Howard 2/20-2/26 
Th-230 11 --- 0.2 peL/i 3 Jackson 2/15-2/19 
e U 4,9,10,14 ASTMD2907 0.3 yug/1l 3 Krizman 2/13-2/16 
DUPLICATES 
5 Sample Relative Deviation 
Identification Parameter Result Result % From Mean 
| HER-059 F %.12 1.15 3 
" Cl... 2 30.3 30.3 0 
PO4 Sie: <.1 O 
" : NO3 6.2 6.2 0 
Gi " cr <.01 <.01 ) 
i" Ba <.01 <.01 -—— 
" Cd <.005 <.005 (0) 
(i " Ca 513 537 4.5 
" Cu <.O1 <.01 e) 
“ Fe Re | eit ) 
: Pb -04 02 === 
" Mg 168 175 4.6 
‘s Mn 04 -04 0 
" K 27635 28.7 4.1 
fj * Sio2 9.9: 10.3 4.0 : 
a Ag o1 4.0% --- 
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18000 W. 6TH AVE., SUITE 300 
GOLDEN, COLORADO 80401 
PHONE: (303) 277-1687 


BARRINGER LABORATORIES INC ease hae 
z SPARKS, NEVADA 89431 
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Bill Almas 
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One Tabor Center Copy: 3 of 3 
1200 17th Street 
Suite 2500 
Denver, CO 80202 
Attn: Received: 13-Feb-90 
Project: Purchase order : 
Job: 901962E Status: Final 
DUPLICATES (Cont'd) 

Sample Relative Deviation 
Identification Parameter Result Result % From Mean 
HER-059 HCO3 195.8 195.8 0 

" Hg é‘ <.0002 <.0002 0 

e pH 7.74 7.78 «5 

a Se -008 -008 0) 

" As - 266 ~272 2 

= Conductance 3192: 3196 sed 

" TDS 3289 3282 5 a:2 

" S04 2184 2144 “a. ee 

" Na 76.6 80.2 0.7 

6 zn 094 -101 7.0 

" TSS 11 12 : 8.7 

QUALITY CONTROL STANDARDS 
Cert. Relative Deviation Spike % 

Parameter Result Result Target Range % From Known Recovery 
F 50 -50 «45 ~ ,55 0 — 
Cl 26.5 26.05 24.1 - 27.7 2 -——= 
PO4 «55 «50 -46 - .54 9.5 aaa 
NO3 2.14 1.98 1.78 - 2.18 8 . 76 
cr ~197 -200 -180 - .220 15 79 
Ba 97 1.00 -90 = 1.10 3'« 94 
cd nos -200 -180 - .220 635 103 
Ca 2.02. - 2.00 1.80 - 2.20 1.0 a 
Cu -200 -200 -180 - .220 0) 96 
Fe - 206 -200 -180 - .220 3.0 121 
Pb 214 -200 -180 - .220 70 93 
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Bill Almas 
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QUALITY CONTROL STANDARDS (Cont'd) 
Cert. Relative Deviation Spike % 
Parameter Result Result Target Range % From Known Recovery 
Mg 1.95 2.00 1.80 - 2.20 2.5 ase 
Mn -202 -200 -180 - .220 1.0 95 
K 9.7 10.0 9.0 - 11.0 3.0 82 
$i02 1.08 1.07 -96 - 1.18 1.0 93 
Ag 1.07 1.00 -90 - 1.10 7.0 99 
Hg -007 -008 -006 — .009 13 100 
se -020 -025 -017 - .028 22 . === 
As -101 -100 -080 - .118 a ™ 96 
Conductance 1413 1413 (me fe) meni 
TDS 1496 1479 1331 - 1627 1 === 
S04 1059 1000 900 —- 1100 6 = 
Na 79 -86 -76 —- 96 . 7.0 = 
an -201 -200 -180 - .220 0.5 95 
Gr. Alpha 186 + 5 196 176 - 216 521 = 
Gr. Beta L79 = 2 173 156 - 190 3.5 aaa 
Ra-226 104 + 2 101 91 = 111 3.0 = 
Th-230 107 + 3 99 89 - 109 8.1 = 
U 1.00. 1.00 0.95 = 1.05 fe) ae 


Approved by: LL. : CA 
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et al 
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DETECTION OF DIETHYLNITROSAMINE IN NITRITE- 
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FISHERY CHEMICALS. 1986 


LETTER REFERENCING 1982 ABIDI STUDY. 1987 
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MINE WT. 19835 4 
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DYES USED FOR WATER TRACING. 1984 
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BASED DYES. 1985 , 
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1984 : 


Aug. 1988. Rev.May 1989 
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(22) SMART, F.L. AND 
LAIDLAW, I1.M.S. 


W) 


TRACING GROUND-WATER MOVEMENT IN ABANDONCD 
COAL MINED AGUIFERS USING FLUORESCENT Dyes. 
1988 
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US DEFT. INTERIOR Techniques of Water Resources Investigations 
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(25C) Chapter AY: Measurement of time of travel and 
dispersion by dye tracing. 1982 


(25D) Chapter Al2: Fluorometric Procedures for Dye 
Tracing. 1986 
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RESULTING FROM THE USE OF RHODAMINE WT DYE AS A TRACER IN RIVER 
WATERS" (SEE TOXICITY) pp. 48 & 49 of Ref. (14). 


(29) WATER TRACING WITH FLUORESCENT DYES, PART 1: FIELD EXPERIMENTS IN 
INTERGRANULAR FLOW AQUIFERS, An Annotated Bibliography. 


P.L.Smart and F. Whitaker, Dept. of Geography, University of 
Bristol, 1987 
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REVIEW OF SHAFT AND RAISE 
CLOSURE PLAN AT THE HERMIT MINE 


i OF ENERGY FUELS NUCLEAR, INC. 


INTRODUCTION 
The Hermit Mine of Energy Fuels Nuclear, Inc. (EFNI), located 


in Section 17, T38N, R4W, Mohave County Arizona, is being closed 


because of depleted reserves. Part of Groundwater Quality 
Protection Permit No. G-0035-08 for the Hermit Mine reads as 
follows: 


| "Upon cessation of mining operations, the operator shall 
implement the closure plan as referenced in the approved Plan 
of Operations. In the event that a geologic formation 
continues to produce water during the operational life of the 
| mine, such formation shall be isolated from the lower geologic 
unit by the installation of a clay plug, a 40% clay/60% 
crushed shale plug or a bentonite plug in the main shaft, the 

| air shaft and the monitoring well." 


At the request of EFNI, a Behre Dolbear mining engineer 
visited the EFNI offices in Fredonia, Arizona on February 12, 1990 
to review those portions of the EFNI mine closure plan relating to 
water containment and mine access. After a thorough review and 
discussions with members of the EFNI staff, a trip was made to the 
Hermit Mine to examine the locations where EFNI is proposing to 
place various plugs, a bulkhead, and fill material. 

The person who made the examination was Richard Waissar, a 

ining engineer with 29 years of experience and a registered 
professional engineer in Colorado. Mr. Waissar is familiar with 
he geology and ground conditions in the area, having previously 
provided consulting services for parties other than EFNI at the 
ack Canyon, Pigeon, and Kanab North Mines, which are in the same 

| ogic environment. 


ij PLAN DESCRIPTION 
The EFNI closure plan is depicted in Figure 1. During the 


ite visit it was observed that water was flowing from the Toroweap 
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ore zone down the incline and into the production shaft at a rate 
estimated to be 15-20 gallons per minute. The objective of the 
EFNI plan is to isolate this flow and flows from the Coconino 
Sandstone, which underlies the Toroweap formation, from lower 
geologic units. The next lower known aquifer is located in the 
Muav limestone which is separated from the Coconino sandstone by 
1800 feet of other sedimentary rocks. Of particular interest is 
the Hermit shale, a relatively tight, impermeable shale 
approximately 30 feet below the Toroweap formation and about 1800 
feet above the Muav limestone. Klinkenberg permeability tests 
performed on core samples of the Hermit shale taken at the mine 
showed an estimated vertical permeability below the detection level 
of the equipment, or at least 10" cm/sec. The bottom of the 
production shaft and the mine sump are in this shale. The various 
geologic structures are shown in Figure 2. 

Referring once again to Figure 1, the sequence of the EFNI 


plan is as follows: 


is Drill and blast keyway excavation in production shaft at 
3854 elevation. 

Zs Fill shaft with waste rock to 3854 elevation. 

Sis Pour 6-foot steel-reinforced concrete plug at key 
location. 

4. After concrete plug cures sufficiently, fill shaft with 
waste rock backfill to 3912 elevation. 

5. Place a 5-foot layer of bentonite at 3912 elevation. 

6. Widen mouth of raise at end of 3920 level. 

Vs Pour . 3-foot _ thick, steel-reinforced concrete plug 


beginning 5 feet below mouth of raise. 

8. Place 2-foot thick layer of bentonite on top of concrete 
raise plug. 

9. Construct 2-foot thick timber bulkhead in 3920 level to 


seal off shaft from level. 
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11. 


12. 


13. 
14. 


15. 


16. 
17. 


18. 


19. 


20. 
21. 


22. 
23. 


24. 


Backfill shaft and portion of shaft station at 3920 level 
with Moenkopi derived soil obtained from _ surface 
excavations (called "native clay formation fill" in 
Figure 1). 

Place 5-foot thick bentonite clay cap on top of Moenkopi 
material at 3983 elevation. 

Fill shaft to 4846 elevation with waste rock. 

Drill and blast 5-foot keyway at 4846 elevation. 

Pour 5-foot thick, steel-reinforced concrete plug at 4846 
elevation. NOTE: The purpose of this plug is to prevent 
surface subsidence and to assist in the prevention of 
surface water inflows. 

Place 5-foot thick bentonite plug on top of concrete 
plug. 

Fill shaft to within 10 feet of surface with waste rock. 
Fill remaining portion of production shaft with surface 
soil. 

Fill ventilation shaft and stope with waste rock to a 
point approximately 11 feet below the Coconino sandstone. 
Using a concrete bucket suspended from a cable, pour a 
6-foot thick concrete plug on top of the rock fill. 
NOTE: The ventilation shaft was bored by machine. The 
walls, although relatively smooth, are typically 
sufficiently grooved by the reamer employed in making the 
opening to promote a good bonding action between the 
shaft walls and the concrete. 

Place 5 feet of bentonite on top of concrete plug. 

Fill shaft with 38 feet of "native clay formation" to 
seal off Coconino sandstone. 

Place 5 feet of bentonite on top of native clay. 

Fill ventilation shaft with waste rock to within 35 feet 
of surface. 

Drill and blast 10-foot diameter keyway at 4846 


elevation. 


25. Pour 5-foot, steel-reinforced concrete plug. 

26. Place 5 feet of bentonite on top of concrete. 

27. Fill shaft with waste rock to within 10 feet of surface. 
28. Fill remaining portion of shaft with surface soil. 


The shaft plug at the 3854 elevation will be poured on a 
wooden platform supported by steel beams which now form part of an 
existing shaft set. The raise plug will be poured on timbered 
lagging. All other concrete plugs will be poured directly on rock 
backfill. Sketches prepared by an EFNI engineer showing rebar size 
and spacing, concrete specifications, and plug dimensions are 
attached to this report. 

While at the site, a visual examination was made of the 
Moenkopi derived soil to be placed in the shafts. The material 
appeared to have high clay and shale contents, which should make 
it suitable for its intended purpose. Laboratory tests on samples 
of the material to determine its suitability are currently being 
performed by the firm of Chen Northern, Inc. in Denver. The test 
results, however, were not yet available at the time this report 


was prepared. 


CONCLUSIONS 

It is the opinion of Behre Dolbear that EFNI closure plan for 
the Hermit Mine meets or exceeds the requirements of Groundwater 
Quality Protection Permit No. G-0035-08. Migration of any mine 
inflow to the Muav limestone is essentially precluded by the fact 
that the two shafts bottom in the tight Hermit shale which should 
preclude any possible intermingling of aquifer waters. Further 
protection is afforded by the design of the concrete plugs and 
bentonite caps which are more than adequate to insure compliance 
with the permit requirements. Finally, the apparent clay content 
of the Moenkopi derived soil should insure the isolation of the 


Toroweap-Coconino formations from the lower geologic units. 
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HERMIT MINE 
GROUNDWATER MONITORING REPORT 
MINING PHASE 


SUBMITTED TO 
ARIZONA DEPARTMENT OF ENVIRONMENTAL QUALITY 


BY 
ENERGY FUELS NUCLEAR, INC. 


FEBRUARY 12, 1990 


Hermit Mine 
Groundwater Monitoring Report 
Mining Phase 


Introduction 


The Hermit Mine operates under the terms and conditions of the 
Hermit Mine Groundwater Protection Permit #G-0035-08. Section 
II.B.1.b. of the Permit outlines groundwater monitoring actions 
which must be taken during the mining phase of operations. This 
report presents and summarizes data collected during the mining 
phase. 


Table I lists the dates, types and purposes of samples included 


' within this report. 


Discharge Monitoring 


The Hermit Mine Facility was designed as a non-discharging 
facility. The surface facilities associated with the mine have 
been designed so that all surface water drains to lined surface 
impoundments. Mine water produced during mining operations has 
been pumped to the lined surface impoundments for evaporation or 
for use within the mine operations area for dust suppression. 


A septic system with an associated leach field has been 
constructed at the Hermit Mine for disposal of sewage and wash 
water only. In compliance with provisions of the Groundwater 
Protection Permit, septic system effluent is sampled on an annual 
basis and analyzed for the parameters listed in II.B.2.b. 


An annual septic system sample was obtained by bailing from the 
septic tank through the clean-out port. Analytical results are 
presented as Attachment I to this report. 


Other possible so -:es of apparent high con. trations of some 
constituents in groundwater are natural causes related to the 
season, variations in precipitation amounts or other unidentified 
temporally or spatially related factors. A total of only eight 
samples have been taken to date, spanning a time period of less 
than two years. This is an inadequate number of samples and too 
short a time frame to detect naturally occurring changes in 
groundwater quality. 


Mine Inflow Monitoring 


Table III illustrates mine inflow volumes as determined by a 
etal e] ' ’ vee ° 6] ‘ eae 
surface evaporation pond. Water was produced almost entirely 
from the area just above the Coconino sandstone-Toroweap lime- 
stone contact. The location for the monitor point for water 
quality inflow is located 908 feet below the shaft collar 
elevation as shown on Plate 1 of the Premining Water Quality 

Report. 


Water quality samples and analysis have been obtained from both 
the monitor point in the shaft and the mine sump. Samples GER 

—045_and.050,arenshafteinflow,monitoring samples and are included 
in Attachment III, Shaft Water Monitoring Samples Analysis. 
Samples have been analyzed for the parameters listed in II.B.2.b. 
Samples HER«043 and"049 are samples taken from water originating 
in the mine sump and analyzed for the parameters listed in 
II.B.2.b. Water quality analysis for these analysis are included 
in Attachment 4. 


Contingen equirements 


Pursuant to provisions of Section II.C, Contingency Requirements, 
in the Groundwater Protection Permit, EFN hereby notifies the 
ADEQ of an exceedance of alert levels in the" HER"044 monitor well 
sample (taken 06/29/89) for indicator elements iron, manganese 
and uranium. “HER»@51, taken 10-19-89, is the confirmation sample 
which indicated a continued exceedance. of.maximum. groundwater 


limitations for m ganese and uranium, but now iron. Additional- 
ly, the confirmation sample showed exceedances in magnesium, 
potassium, sodium, gross beta and electrical conductivity. 


There is no reason to believe that groundwater within the 
Redwall-Muav aquifer has been impacted by mining operations in 
anyway. Detailed evaluation of the site specific hydrogeology of 
the area was performed by Canonie Environmental and presented to 
the ADEQ in the report, "Potential Impacts of Mining on 
Groundwater Resources, October, 1987". Other researchers, such 
as Huntoon (1974) and (1982), Levings (1979) and Metzger (1961) 
have studied and described the hydrogeology of the Grand Canyon 
area as well. These investigations all note the very low 
transmissivities of the Hermit Shale to groundwater flow, except 
where major faults allow downward vertical flow. It is also well 
documented that the geologic profile is unsaturated to the 
Redwall-Mauv limestones, except for localized perch zones, such 
as the Coconino sandstone-Hermit shale interface at the Hermit 
Mine site. Based upon the best available evidence from numerous 
sources, the likelihood of groundwater communication between the 
mine workings and Redwall-Mauv aquifer is remote. 


In the unlikely event that communication between the mine 
workings and the Redwall-Mauv aquifer were taking place, impacts 
to the Redwall-Mauv aquifer would be negligible. Although the 
most recent sample (HER™O51) indicates seven parameters with 
concentrations in excess of maximum groundwater limits, these 
limits, in absolute terms, are very low. Maximum groundwater 
limits are based on the premining water quality average plus two 
standard deviations of the sampling mean. Thus, maximum 
groundwater limits are based on background concentrations, and 
are not health based standards. 

a5 Mn, u, "4, Fr No., 
Three of the seven parameters (Mn, SO, and TDS) have a federal 
secondary drinking water standard associated with them. In all 
cases, the premining mean (baseline) of sample results exceeds 
the secondary standard. Secondary drinking water standards apply 
principally to aesthetics of drinking water and are not health 
based, except at much high concentrations. 


so 2 EC 


Three parameters (U, Na, Mg) have no primary or secondary 
drinking water standard associated with them. Uranium concentra- 
tions are reflected in gross alpha radiation determinations. 
Since the premining baseline already exceeds the primary drinking 
water standard and gross alpha radiation determinations fall 
within maximum groundwater limitations, increased uranium 
concentrations are not considered an immediate concern. 


Gross beta might exceed the 4 MREM/year primary drinking water 
standard, depending on the proportions of various radionuclides 
contributing to the gross beta measurement. 


Proposed Actions and Summary 


Energy Fuels Nuclear has investigated the site hydrogeology at 
the Hermit Mine and on the basis of all existing available 
information, believes that apparent exceedances of maximum 
groundwater limits are attributable to causes other than contam- 
ination as a result of mining activities. Possible causes for 
the apparent exceedances have been listed and briefly discussed 
in the Water Quality Results section of this report. 


Energy Fuels Nuclear’s proposed approach to determining the 
cause(s) of the apparent exceedances is to augment the existing 
monitoring program in an attempt to confirm or eliminate sources 
of error. The following actions are proposed: 


¢ Accelerate sampling to a monthly basis for the monitoring 
well and perform analysis for the full series of 
parameters listed in II.B.2.b in order. 


¢ Evaluate the feasibility of using radiochemical or 
colored tracers carbon dating of water or use of stable 
isotope analysis to determine the relative age and/or 
source of groundwater in the monitoring well. The 
feasibility of using these techniques will be discussed 
in the next quarterly monitoring report. 


ag oe a et EN RR ERRAND: 


e Initiate additional quality control into the sampling and 
analytical processes by obtaining split samples and 
submitting samples to two different laboratories for 
comparison. 


¢ Analyze groundwater samples for both total and dissolved 
radionuclides to determine the effects of increased 
suspended matter in groundwater samples. 


¢ Analyze groundwater samples for all major radionuclides 
within the U-238 decay chain to determine specific 
sources of alpha contamination. 


These steps are proposed for a three month period. After receiv- 
ing this information, it will be compiled, evaluated and 
presented to ADEQ for review and discussion. 


. a a eee 
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ATTACHMENT 1 


SEPTIC ANNUAL MONITORING RESULTS 


Septic water would be drawing from R/M aquifer 


18000 W. 6TH AVE. SUITE 300 
GOLDEN, COLORADO 30401 
PHONE: (303) 277-1687 


BARRINGER LABORATORIES INC. M8 OEMING Wav, SUITE 1 


SPARKS, NEVADA 89431 


PHONE: (702) 358-1158 
30-Nov-89 

Larry Casebolt 

ENERGY FUELS NUCLEAR Page: iL 

P.O. Box 36 Copy: 1o0f 2 

Fredonia, AZ 86022 Set : 1 


Authority: 
Project : Purchase order : 


Job: 891246E Status: Final 


Sample Type: Water 


Alkalinity As Ba HCO3 cd Ca cl 
as Caco3 Total Total as cacoO3 Total Total 


Sample Td __mg/l___ _mg/l_ _mg/l_ _mg/) _mg/l_ _mg/l_ _mg/l_ 
HER 18-48 479 0.007 0.02 479 <0.005 475 859 


2 Specific Cu F Fe Pb Mg 
Total Conductance Total Total Total Total 


Sample Id _mg/l umho/cm mg/l mg/l mg/l mg/l mg/l 
i HER 18-4S <0.01 5760 0.04 1.20 0.45 <0.02 147 


Mn Hg . NO3 as N PO4 as P K Se $io02 
Total Total Total Total Total 


Sample Id _mg/l mg/l mg/l mg/l mg/l mg/l mg/l 
HER 1S-4S 0.29 <0.0002 <0.1 5.8 42.5 0.018 11.1 


Ag Na TDS S04 zn Gross Alpha 
Total Total Total Total Error 


Sample Id _mg/l ma/l mg/l mg/l mg/l pci/l 20* 
HER 18-4S <0.01 841 4720 2100 0.572 195 +40 


Gross Beta Ra-226 Th-230 U 
Total Error Total Error Total Error Total 


Sample Id pci/l 20* pci/l 20* pci/l 20* mg/l 
HER 1S-4S 110 +20 29 +3 5.4 +1.4 0.039 


AODOVANCEO TECHNIQUES ANDO INSTRUMENTATION FOR THE EARTH SCIENCES 


18000 W. 6TH AVE., SUITE 300 
GOLDEN, COLORADO 80401 
PHONE: (303) 277-1687 


BARRINGER LABORATORIES INC. las OehinNG WAY, SUITE 


SPARKS, NEVADA 89431 
PHONE: (702) 358-1158 


30-Nov-89 
Larry Casebolt 
ENERGY FUELS NUCLEAR Page: 2 
P.O. Box 36 Copy: 1.5f 2 
Fredonia, AZ 86022 Set : 1 


Authority: 
Project : Purchase order : 


° 4 e 


Abbreviations: 


Analyses: 


As : Arsenic 
Ba : Barium 
HCO3 : Bicarbonate 
Cd : Cadmium 
Ca : Calcium 
cl : Chloride 
cr : Chromium 

: Copper 

: Fluoride 
Fe : Iron 
Pb : Lead 
Mg : Magnesium 
Mn : Manganese 
Hg : Mercury 
NO3 as N : Nitrate 
P04 as P : Phosphate 
K : Potassium 
Se : Selenium 
$io2 : Silica 
Ag : Silver 
Na : Sodium 
TDS : Total Dissolved Solids 
SO4 : Sulfate 
zn : Zine 
Ra-226 : Radium-226 
Th-230 : Thorium-230 
U : Uranium 


AOVANCED TECHNIQUES ANDO INSTRUMENTATION FOR THE EARTH SCIENCES 


Cu 
| 


1§000 W. 6TH AVE.. SUITE 300 
GOLOEN. COLORADO 8040! 


PHONE: (303) 277 1687 
BARRINGER LABORATORIES INC. sah eral aaea 
ity sacri (702) nites 
30-Nov-89 
Larry Casebolt 
ENERGY FUELS NUCLEAR Page: 3 
P.O. Box 36 Copy: i1of 2 
Fredonia, AZ 86022 Set : i 
Authority: 
Project : Purchase order : 
fe} 891246 tus: ina 


Units: 


mg/l 
umho/cm 
pci/l 
20* 


Quality control: 


milligrams per liter 

micromhos per centimeter at 25C 

picoCuries per liter 

* Counting error at the 95% confidence level, 20 


ee ef ce 


< less than 


| Signed: 


5 1 dais ad eu ee RG oe oe Se cane dee 
Gary Zito 
Laboratory Supervisor 


ACVANCED TECHNIQUES AND INSTHUMENTATION FOR THE EARTH SCIENCES 


A a a er nen ene mennrton nmap 


18000 W. 6TH AVE. SUITE 300 
GOLDEN, COLORADO 80401 


PHONE: (303) 277.1687 
BARRINGER LABORATORIES INC. OS Se aes 
SPARKS, NEVADA 8943! 
PHONE: (702) 358-1158 
30-Nov-89 
Larry Casebolt 
ENERGY FUELS NUCLEAR Page: 4 
P.O. Box 36 Copy: ..1 -of. 2 
Fredonia, AZ 86022 
Authority: 
Project Purchase order : 
Job: 891246E Status; Final 
QUALITY CONTROL DATA SHEET 
Time Received: 9:00 Date: 10/2/89 By: T.Moncrief Via: UPS 


Sample Container Type: large cube 

Sample Type: water 

Preservative When Received: 1.HNO3 2.H2SO04 3.none 4.Na0H 
Additional Lab Preparation: none 


Date(s) of 
Parameter Ref Method LLD Preservative Analyst Analysis 
Alkalinity 1 2164 1 mg/l 3 Swanson 10/18 
As 1 206.2 0.001 mg/l 1 Gilleland 10/18 
Ba 1 200.7 0.01 mg/l 1 Hidalgo 10/25 
cd 1 200.7 0.005 mg/l z Hidalgo 10/25 
Ca a 200.7 0.01 mg/l 1 Hidalgo 10/25 
ree sl 325.2 1 mg/l 3 Hobbs 10/13 
cr id 200.7 0.01 mg/l z Hidalgo 10/25 
Sp.Cond. 1 120.1 0.001 umho/cm 3 Hencmann 10/13 
Cu 1. 200.7 0.01 mg/l 1 Hidalgo 10/25 
F 1 340.2 0.05 mg/l 3 Acree 10/23 
Fe sf 200.7 0.01 mg/l 2 Hidalgo 10/25 
Pb rf 200.7 0.02 mg/l i Hidalgo 10/25 
Mg 1 200.7 0.01 mg/l 1 Hidalgo 10/25 
Mn 1 200.7. 0.01 mg/l 1 Hidalgo 10/25 
Hg 1 245.1 0.0002 mg/l 1 Swanson 10/13 
NO3 1 353001 0.1 mg/l 2 Hobbs 10/9 
PO4 a 365.1 0.1 mg/l 3 Hobbs T0/11 
K 2 200.7 0.5 mg/l Hidalgo 10/25 
Se 1 270.2 0.001 mg/l | Gilleland 10/19 
$io2 1 200.7 0.01 mg/l 1 Hidalgo 10/25 
Ag 1 200.7 0.01 mg/l 1 Hidalgo 10725 
Na uk 200.7 0.01 mg/l 1 Hidalgo LOV25 


AOVANCED TECHNIQUES ANO INSTRUMENTATION FOR THE EARTH SCIENCES 


BARRINGER LABORATORIES INC. 


18000 W. 6TH AVE., SUITE 300 
GOLDEN, COLORADO 8040! 
PHONE: (303) 277 1687 


1455 OEMING WAY SUITE '5 
SPARKS, NEVADA 89431 
PHONE: (702) 358-1158 


30-Nov-89 

Larry Casebolt 
ENERGY FUELS NUCLEAR Page: 5 
P.O. Box 36 Copy: lof 2 
Fredonia, AZ 86022 
Authority: 
Project : Purchase order : 
Job: 891246E tatus: Fina 
TDS pl 160.1 10 mg/l 3 Acree 10/16 
SO4 uit 375.3 5 mg/l 3 Acree 10/16 
zn 1 200.7 0.005 mg/l i Hidalgo 10/25 
Gr.Alpha 4 <= 1.0 pci/l 3 Seidel 11/2-11/17 
Gr.Beta 4 <= 2.0 pci/l 3 Seidel 11/2-11/17 
Ra-226 4,7,14 <--- 0.2 pci/l 3 Howard 10/31-11/2 
Th-230 5 ed --- 0.2 pci/l 3 Jackson,Ortiz 11/7-11/10 
U 4,9,10,14 --- 0.3 ug/l 3 Krizman 10/18-11/20 

ADVANCED “ECHMN QUES AND INS'RUNSDEN TATION FOR THE SARTH SCIENCES 


Larry Casebolt 
ENERGY FUELS NUCLEAR 
P.O. Box 36 
Fredonia, AZ 86022 


BARRINGER LABORATORIES INC. 


18000 W 6TH AVE., SUITE 300 
GOLOEN, COLORADO 3040! 
PHONE: (303) 277-1687 


1455 OEMING WAY, SUITE 15 
SPARKS, NEVADA 89431 


PHONE: (702) 358-1158 
30-Nov-89 
Page: 6 


Copy: lof 2 


Authority: 
Project : Purchase order : 
Job: 891246 
DU (es 

Sample Relative Deviation 
Identification Parameter Result Result % From Mean 
HER 1S-4S Alkalinity 479.0 482.6 0.6 
HER 1S-4S As -007 -007 0.0 
HER 1S-4S Ba ~02 02 0.0 
HER 1S8-4S cd <.005 <.005 0.0 
HER 1S-4S Ca 475 476 0.2 
HER 1S-4S cl 852 865 1.5 
HER 1S-4S cr <.01 <.0O1 0.0 
HER 1S-4S Sp.Cond. 576Le 1 5761.1 0.0 
HER 1S-4S Cu -04 -04 0.0 
HER 1S-4S Fe 45 45 0.0 
HER 1S-4S Pb <.02 <.02 0.0 
HER 1S-4S Mg 147 147 0.0 
HER 1S-4S Mn ~29 29 0.0 
HER 1S8S-4S Hg <.0002 <.0002 0.0 
HER 1S-4S NO3 <.l <.l 0.0 
HER 1S-4S PO4 5.77 5.77 0.0 
HER 1S-4S K 42.5 42.2 0.7 
HER 1S-4S Se -018 -016 12 
HER 1S-4S $102 a Us (ey E as laps 0.0 
HER 1S-4S Ag <.01 <.01 0.0 
HER 1S-4S Na 841 842 0.1 
HER 1S8S-4S zn ~-572 579 1.2 
HER 1S-4S Gr.Alpha 150 + 30 87 + 16 23.41 
HER 1S-4S Gr. Beta 240 + 50 130 + 20 19.8 
HER 1S-4S U -041 036 6.5 


AOVANCED TECHNIQUES ANDO INSTRUMENTATION FOR THE EARTH SCIENCES 


© 1§000 W. 6TH AVE.. SUITE 300 
GOLDEN, COLORADO 80401 
PHONE: (303) 277-1687 
| BARRINGER LABORATORIES INC. ih Sameer aus 
SPARKS, NEVAOA 89431 
PHONE: (702) 358-1158 
30-Nov-89 
ie Larry Casebolt 
ENERGY FUELS NUCLEAR Page: 7 
P.O. Box 36 Copy: lof 2 
4 Fredonia, AZ 86022 
| Authority: 
Project :;: Purchase order : 
| Job: 89124 : 
UALI CONTROL STAND 
i Cert. Relative Deviation Spike % 
Parameter Result Result Target Range % From Known Recovery 
i As -097 ~ 100 -080 - .118 3 = 
Ba 97 97 -89 - 1.09 0.0 96. 
cd -209 -200 -180 = .220 4.5 104 
i Ca 254 250 225 - 275 1.6 104 
cl 25.3 26.05 24.1 - 27.7 2.9 ma 
cr -206 -200 180 =- .220 3.0 100 
a Cu .200 .200 .180 - .220 0.0 99 
F ~52 -50 -45 - .55 3.9 103 
Fe -216 -200 ~-180 = .220 8.0 120 
Pb -206 - 200 -180 -220 3.0 93 
i Mg 242 250 225 = 275 See 108 
Mn -208 - 200 -180 - .220 4.0 104 
Hg -008 -008 . -007 - .009 0.0 100 
4 NO3 2.06 1.98 1.78 - 2.18 4.0 --- 
PO4 ~47 -50 -46 - .54 6.2 “<< 
K 10.0 10.0 9.0 - 11.0 0.0 85 
Se -009 -009 -006 - .012 0.0 <<< 
C Si02 ~94 1.00 -90 = .110 6.0 === 
Ag 1.04 -99 -89 = 1.09 5.0 101 
Na 249 250 225 = 275 0.4 101 
a TDS 1408 1479 1331 = 1627 4.9 a= 
S04 1062 1000 900 = 1100 6.0 sa= 
Zn - 207 - 200 -180 = .220 3.5 118 
Gr.Alpha 193 + 4 198 178 - 218 2.5 — 
Gr.Beta 164 + 2 179 161 - 197 8.4 <<< 
Ra-226 108 + 3 101 96 - 106 7.0 a= 
Th-230 102 + 3 99 94 - 104 3.0 “<= 
U 35 34 32 - 36 2.9 =< 
iu Approved by: A = os 
5 A4OVANCED TECHNIQUES ANDO INSTRUMENTATION FOR THE EARTH SCIENCES 


ATTACHMENT 2 


SECOND AND THIRD QUARTER, 1989 
WELL MONITORING RESULTS 


AND 
SECOND QUARTER, 1989 CONFIRMATION SAMPLE RESULTS 


AUG-24-" 59 14:43 


BARRINGER LABORATORIES INC. 


Energy Fuels 

P.O. Box 36 
Fredonia, AZ 86022 
ATTN: L. Casebolt 
Client No. 

Sample Type: water 


Date Collected: 6/29/89 


Sample 
Identification 


HERO44 


Sample 
Identification 


HEROG4 


Sample 
Identification 


HERO44 


[D' RNERGYFLELS FRELUNIH ich NU: Ledeen ses S36. ls 


Log No. 633 


Date Received: 7/7/89 


RESULTS OF ANALYSIS 


As Ba Cd Cu 
Total Total Total Total 
mg/1 mg/1 mg/l mg/l 
004 02 006 -02 
Rg Se 
Total NO, as N Total 
mg/l g/l mg/l 
- €,0002 03 020 
Gross Alpha Gross Beta 
(Total) (Total) 
pCi/liter pci/liter 
+Precision* +Precision* 
28 2 21 40 + ll 


18000 w. 6TH AVE. SulTE 300 
GOLOEN, COLORACO 90801 
PHONE: (303) 277-1687 


1466 DEMING WAY, SUITE ‘6 
SPARKS, NEVADA 60431 
PwONE: (702) 368-1188 


Client PO No. 


Date Reported: 8/3/89 


Fe Pb Mn 
Total Total Total 
ng/1 mg/l ng/l 
12.0 <.02 23 
Ag Zn 
Total Total 
mg/l mg/l 
<.0l .077 
Uraniun 
(Total) 
mg/liter 
0.0035 


* Variability of the radioactive disintegration process 
(counting error) at the 95% confidence level, 2¢ 


Approved by An he : 
ry TECHNIQUES ANO INSTRUMENTATION FOR THE GARTH SCIENCES 


Energy Fuels 

P.O. Box 36 
Fredonia, AZ 86022 
ATTN: Larry Casebolt 


LGN: 633 


Time Received: 9:00 


QUALITY CONTROL DATA SHEET 


Date: 7/7/89 By: Gina Reichert 


Sample Container Type: large cube, small cube 


Sample Type: water 


Laboratories 


Barringer 

15000 W. 6th Avenue 
Suite 300 

Golden, CO 80401 
(303) 277-1687 


Via: UPS 


Preservative When Received: 1. HNO, 2. H,S0,, 3. None 4, NaOH 


Additional Lab Preparation: None 


Parameter Reference 


Arsenic 
Selenium 
Nitrate 
Mercury 
Barium 
Cadmiuz 
Copper 
Iron 
Lead 
Manganese 
Silver 
Zinc 
Alpha-Beta 
Uranium 


oe ne ee 


- 


Sample. 
Identification 


HEROG4 
HERO44 
HERO44 
HERO44 
HEROGG 


Approved by Khe 


14. 


Method LD Preservative 
206.2 1 ug/l 1 
270.2 1 ug/l l 
353.1 0.1 mg/l 2 
245.1 0.2 ug/l 1 
200.7 10 ug/l 1. 
200.7 5 ug/l 1 
200.7 10 ug/l 1 
200.7 10 ug/l 1 
200.7 2 ug/l 1 
200.7 1 ug/l 1 
200.7 10 ug/l 1 
200.7 5 ug/1 1 
1.0,2.0 pci/1 3 
0.3 ug/l 3 
DUPLICATES 
Parameter Result Result 
Arsenic 004 005 
Selenium 019 019 
Nitrate 3 3 
Mercury <.0002 <.0002 
Barium -02 .02 


Date(s) of 


Analyst Analysis 


D. 


G. Gilliland 7/19/89 
G. Gilleland 7/19/89 


Hobbs 7/20/89 
Swanson 7/20/89 
Hidalgo 7/20/89 
Hidalgo 7/20/89 
Hidlago 7/20/89 
Hidalgo 7/20/89 
Hidalgo 7/20/89 
Hidalgo 7/20/89 
Hidalgo 7/20/89 
Hidalgo 7/20/89 
Kidwell 7/19~7/31/89 
Tonning 7/26-7/29/89 


Relative Deviation 
From Mean 


20.0% 
0.0% 
0.0% 
0.0% 
0.02 


pg- 1 of 2 


AUG-24-'39 10:44 


Energy Fuels 
P.O. Box 36 


Fredonia, AZ 86022 


ATTN: Larry Casebolt 


LGN: 633 
Sample 

Identification 
HEROG4 
HERO44 
HERO44 
HERO44 
HERO44 
HEROGS 
HERO44 
HERO44 
HEROGG 
Parameter Result 
Arsenic 062 
Seleniun -009 
Nitrate 2.08 
Mercury 005 
Barium 96 
Cadnium .212 
Copper 205 
Iron 2219 
Lead 181 
Manganese 207 
Silver .90 

' Zine .203 
Gross Alpha 216 + 4 
Grosse Beta 175 22 
Uranium 33 


ID: TNERGYFLELS FREDCNIQ = TEL 


QUALITY CONTROL DATA SHEET (cont ‘d) 


DUPLICATES (cont'd) 


Parameter Result Result 
Cadmium .006 <.005 
Copper 202 .02 
Tron 12.0 11.9 
Lead <.02 <,02 
Manganese +23 -23 
Silver <.01 <.0l 
Zinc 077 +074 
Gross Alpha 13 + 19 42 2 23 
Gross Beta 39 + ll 42 + 11 


QUALITY CONTROL STANDARDS 


Certified 

Result Target Range 
062 -048 = .073 
-009 .006 = .012 
1.98 1.78 - 2.18 
005 .004 = .006 
97 87 = 1,07 
-200 .180 = .220 
.200 -180 = .220 
+200 -180 = .220 
-200 -180 = .220 
.200 180 - «220 
99 .89 - 1.09 
- 200 -180 = .220 
198 178 - 218 
179 161 = 197 
34 32 - 36 


Approved by Pardbasd One ‘ 


NO: Led2sdsTe41 


Barringe 


comes 


15000 W. 6th Avenue 


Suite 300 


Golden, CO 80401 


(303) 277-1687 


r Laboratories 


Relative Deviation 
From Mean 


0.02% 
0.0% 
4.9% 
0.0% 
1.0% 
6.0% 
2.5% 
9.52 
9.5% 
3.5% 
9.0% 
1.5% 
9.1% 
2.2% 
2.92% 
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Recovery 


100 
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Bill Almas 
ENERGY FUELS CORPORATION Page: 1 
One Tabor Center Copy: iof 3 
1200-17th St. Set : 1 
Suite 2500 
Denver, CO 80202 
Authority: 
Project : Purchase order : 
Job: 891214E Status: Final 
AMENDED REPORT 
Sample Type: Water 
Alkalinity NH4 as N As Ba HCO3 cd Ca 
as Caco3 Total Total as Caco3 Total Total 
Sample mg/l mg/l mg/l mg/l mg/l mg/l mg/l 
HERO 48 150 0.3 0.008 0.02 150 <0.005 542 
HERO 49 116 14.5 0.530 0.01 116 <0.005 521 
HERO 50 203 0.3 0.006 0.01 203 <0.005 510 
cL Cr Specific Cu F Fe Pb Mg 
Total Total Conductance Total Total Total Total 
Sample _mg/l mg/l umho/cm mg/l mg/l mg/l mg/l mg/l 
HERO 48 40 <0.01 3470 <0.01 1.28 11.60 <0.02 186 
HERO 49 38 <0.01 3820 0.02 1.35 0.25 0.03 187 
HERO 50 38 <0.01 3590 <0.01 0.98 1.11 <0.02 162 
Mn Hg Mo NO3 as N pH P04 as P K Se 
Total Total Total Total Total 
Sample _mg/l mg/i mg/l mg/l unit mg/l mg/l mg/l 
HERO 48 0.49 <0.0002 0.02 <0.1 6.92 <0.1 24.2 0.009 
HERO 49 0.08 <0.0002 6.45 31.4 6.69 <0.1 36.1 0.017 
HERO 50 0.02 <0.0002 0.01 <O.1 7.05 <0.1 36.4 0.011 


ADVANCED TECHNIQUES AND INSTRUMENTATION FOR 


15000 W. 6TH AVE., SUITE 300 


GOLDEN, COLORADO 30401 
PHONE: 1303) 277 1687 
BARRINGER LABORATORIES INC. SR calla wii Saners-o6 
SPARKS, NEVADA 89431 
PHONE: (702) 358-1158 
18-Dec-89 
Bill Almas . 
ENERGY FUELS CORPORATION Page: 2 
One Tabor Center Capy>s lof ‘3 
1200-17th St. Sét = 1 
Suite 2500 
Denver, CO 80202 
Authority: 
Project : Purchase order ; 
Job: 891214E Status: Final 
AMENDED REPORT 
Sample Type: Water 
Sio2 Ag Na TDS S04 zn Gross Alpha 
Total Total Total Total Total Error 
Sample _mg/l mg/l mg/l mg/l mg/l mg/l pci/l 20* 
HERO 48 1it,.5 <0.02 76.0 3440 2280 <0.005 19 +18 
HERO 49 2 0.02 97.8 3530 2300 0.156 29800 +300 
HERO 50 9.9 .<0,.01L 144.0 3320 2190 0.009 1400 +100 
Gross Beta Ra-226 Th-230 U 
Total Error Total Error “Total Error Yotal 
Sample pci/l 20* pci/l 20* pci/l 20* mg/l 
HERO 48 41 +10 3.362066 0.2 $0.5 0.0041 
HERO 49 10100 +100 ~ 60 £3 710 +20 18.4 
HERO 50 150 +10 350 +10 17 205.9 0.025 
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One Tabor Center Copy: 1o0f 3 
1200-17th St. Set : 1 
Suite 2500 
Denver, CO 80202 


Authority: 
Project : Purchase order : 


Job: 891214E Status: Final 
AMENDED REPORT 


Abbreviations: 


Analyses: 
NH4 as N : Ammonia 
As : Arsenic 
Ba : Barium 
HCO3 : Bicarbonate 
ca : Cadmium 
Ca : Calcium 
cl : Chloride 
cr : Chromium 
Cu : Copper 
F : Fluoride 
Fe : Iron 
Pb : Lead 
Mg : Magnesium 
Mn : Manganese 
Hg : Mercury 
Mo : Molybdenum 
NO3 as N : Nitrate 
PO4 as P : Phosphate 
K : Potassium 
Se : Selenium 
$io2 : Silica 
Ag : Silver 
Na : Sodium 
TDS : Total Dissolved Solids 
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BARRINGER LABORATORIES INC. 


Bill Almas 

ENERGY FUELS CORPORATION 
One Tabor Center 
1200-17th St. 

Suite 2500 

Denver, CO 80202 


Authority: 
Project : Purchase order : 


Job: 891214E 
AMENDED REPORT 


Status: 


15000 W. 6TH AVE. Su:iTE 200 
GOLDEN. COLORADO 30401 
PHONE: 303) 277 1687 


1455 DEMING WAY, SUITE '5 
SPARKS. NEVADA 89431 
PHONE: (702) 358-1158 


18-Dec-89 
Page: 4 
Copy: 1o0f 3 
Set : a 
Final 


S04 : Sulfate 
Zn ¢ Zine 
Ra-226 : Radium-226 
Th-230 : Thorium-230 
U : Uranium 
Units: 
mg/l : milligrams per liter 
umho/cm : micromhos per centimeter at 25C 
pci/l : picoCuries per liter 
2a* : * Counting error at the 95% confidence level, 20 
Quality control: 
< : less than 
Signed: - 
Gary Zito 


Laboratory Supervisor 
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1200-17th St. 
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Authority: 

Project : Purchase order : 

Job: 891214E Status: Final 

AMENDED REPORT 
QUALITY CONTROL DATA SHEET 
Time Received: 9:00 Date: 9/27/89 By: T.Moncreif Via: UPS 


Sample Container Type: large cube, small cube 
Sample Type: water 
Preservative When Received: 1.HNO3 2.H2S04 3.none 4.NaOH/Zn Acetate 


Additional Lab Preparation: none 


Date(s) of 

Parameter Ref Method LLD Preservative Analyst Analysis 
Alkalinity 1 210«1. 1 mg/l 3 Swanson 10/5 
NH4 1 350.1 0.1 mg/l 2 Hobbs 10/5 
As e 206.2 0.001 mg/l 8 Gilleland 10/4 
Ba i, 200.7 0.01 mg/l 2 Hidalgo 10/20 
Cd 1 200.7 0.005 mg/l 1 Hidalgo 10/20 
Ca 1 200.7 0.01 mg/l i Hidalgo 10/20 
en nl 325.2 1 mg/l 3 Hobbs 10/4 
Cr 1 200.7 0.01 mg/l i Hidalgo 10/20 
Sp.Cond. 1 120.1 0.001 umho/cm 3 Hencmann 10/5 
Cu L 200.7 0.01 mg/l z Hidalgo 10/20 
F 1 340.2 0.05 mg/l 3 Acree 10/12 
Fe 1 200.7 0.01 mg/l 1 Hidalgo 10/20 
Pb 1. 200.7 0.02 mg/l 1 Hidalgo 10/20 
Mg 1 200.7 0.01 mg/l 1 Hidalgo 10/20 
Mn rs 200.7 0.01 mg/l i Hidalgo 10/20 
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12Z00-1L7th St. 
Suite 2500 


Denver, CO 80202 

Authority: 

Project : Purchase order : 

Job: 891214E Status: Final 
AMENDED REPORT 

Hg Z. 245.1 0.0002 mg/l 1 Swanson 10/2 

Mo 1 200.7. 0.01 mg/l 1 Hidalgo 10/20 

NO3 a 353.1 0.1 mg/l 2 Hobbs 10/3 

pH 1 210.1 0.01 unit 3 Acree 10/2 

PO4 1 365.1 0.1 mg/l 3 Hobbs 10/11 

K st 200.7 0.5 mg/l 1 Hidalgo 10/20 

Se nf 270.2 0.001 mg/l 1. Gilleland 10/4 

Si02 ne 200.7 0.01 mg/l iL. Hidalgo 10/20 

Ag 1 200.7 40.01 mg/l Z. Hidalgo 10/20 

Na 1 200.7 0.01 mg/l 1 Hidalgo 10/20 

TDS 1 160.1 10 mg/l 3 Acree 10/3 

S04 ni 375.3 5 mg/l 3 Acree 10/3 

Zn 1 200.7 0.005 mg/l 1 Hidalgo 10/20 

Gr.Alpha 4 900.0 1.0 pci/l 3 Seidel 11/16-12/1 

Gr.Beta 4 900.0 2.0 pois 3 Seidel 11/16=12/ 1 

Ra-226 4,7,14 903.0,903.1 0.2 pei/i 3 Howard 10/31-11/2 

Th-230 17 =-H 0.2 pci/l 3 Jackson, Ortiz 11/6-11/10 

U 4,9,10,14(ASTM)D2907 0.3 ug/l 3 Tonning 10/17-11/20 

U(RR) 4,9,10,14(ASTM)D2907 0.3 ug/l 3 Krizman,Tonning 12/11-12/18 
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DU CATES 
Sample Relative Deviation 
Identification Parameter Result Result % From Mean 
HERO 50 Alkalinity 203 203 0.0 
HERO 50 NH4 ~34 ~34 0.0 
HERO 50 As -006 -006 0.0 
HERO 50 Ba -O1 -O1 0.0 
HERO 50 Cd <.005 <.005 0.0 
HERO 50 Ca 510 511 0.2 
HERO 50 cl 38:2 38.2 0.0 
HERO 50 Cr O01 <.01 =<—= 
HERO 50 Sp.Cond.. 3590 3590 0.0 
HERO 50 Cu <.01 <.01 0.0 
HERO 50 Fe pees (ge 1.11 0.0 
HERO 50 Pb <.02 <.02 0.0 
HERO 50 Mg 162 161 0.6 
HERO 50 Hg <.0002 <.0002 0.0 
HERO 50 Mo -O1 <.01 === 
HERO 50 NO3 <.1 <.1 0.0 
HERO 50 P04 <.l1 <.1 0.0 
HERO 50 K 36.4 36.0 1.90 
HERO 50 Se -010 -O11 9 
HERO 50 $io2 9.9 9.9 0.0 
HERO 50 Ag <.01 €. 02 0.0 
HERO 50 Na 144 143 0.7 
HERO 50 zn -009 -008 === 
HERO 50 U -025 -025 0.0 
HERO 48 U (RR) -0044 -0039 6.0 
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AMENDED REPORT 
QUALITY CONTROL STANDARDS 
Cert. Relative Deviation Spike % 

Parameter Result Result Target Range % From Known Ricovery 
NH4 2.05 1.98 1.78 - 2.18 3.65 108 
As -104 - 100 -080 - .118 4 92 
Ba -96 -97 -87 - 1.07 1 94 
Cd -189 -200 -180 - .220 5.5 i 
Ca 247 250 225 - 275 LaZ as 
cL 26.16 26.05 24.1 - 27.7 0.4 <= 
cr 201 - 200 180 = .220 0.5 97 
Cu 199 -200 -180 - .220 0.5 93 
F 49 50 45 - .55 2.0 116 
Fe -198 -200 -180 - .220 1.0 109 
Pb 204 - 200 -180 - .220 2.0 79 
Mg 255 250 225 ~ 275 2.0 << 
Mn -198 -200 «180 —- «220 1.0 91 
Hg -005 005 -004 - .006 0.0 100 
Mo -198 -200 -180 - .220 1.0 91 
NO3 2.04 1.98 1.78 - 2.18 3 a 
PO4 ~49 -50 -46 - .54 2.0 == 
K 9.8 10.0 9.0 = 11.0 2.0 86 
Se -022 -025 -017 - .028 13 === 
$102 1.03 1.07 -96 - 1.18 4.0 114 
Ag -92 99 «89 - 1.09 7.0 88 
Na 256 250 225 = 275 2.4 =——— 
TDS 1430 1479 1331. = 1627 3.4 === 
S04 1051 1000 900 - 1100 5 =< 
zn -189 - 200 -180 - .220 56:5 94 
Gr.Alpha 167 + 4 198 178 - 218 15.7 = 
Gr.Beta LS7 £2 179 161 - 197 12.3 = 
Ra-226 108 + 3 101 96 - 106 7.0 === 
Th-230 97 = 3 99 94 - 104 2.0 === 
U 33 34 32 - 36 2.9 === 
U(RR) 32 34 32 - 36 5.9 === 
Approved by: A 3 
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Page: 
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1200-17th St. Set : 
Suite 2500 
Denver, CO 80202 
Authority: 
Project : Purchase order : 
1 gi! 2 
Sample Type: Water 
HCO3 As Ba cO3 Cd Ca cl cr 
as CacoO3 Tetal Total as ¢acO3 Tétal Total Total 
Sample _omg/] _mg/)_ _mg/l_ _mg/)_ _mg/) _mg/)_ _mg/l _ma/)_ 
HER 051 150 0.022 0.01 <1 <0.005 547 39 0,01 
Specific cu F Fe Pb Mg Mn 
Conductance Total Total Total Total Total 
Sample __umho/em _ _mg/l_ _mg/)_ _ma/) _mg/l_ _ma/l. _mg/1_ 
HER 051 3600 <0.01 1.43 4.71 <0.02 201 0.39 
Hg NO3 as N PO4 as P- K Se sio2 Ag Na 
Total Total Total Total Total Total 
Sample _mg/l  _mg/l_ _ ima/l _—s _mg/l_ 0 _mg/l_ _ma/)_ _mg/1 _ma/) 
HER 051 <0.0002 <0.1 <0.1 31.6 0.023 9.8 <0.01 102 
TDS S04 Zn Gross Alpha Error Gross Beta Error 
Total Total Total 
Sample _mg/l_ mg/l. _mg/l_ ._pei/)  20*  =__epci/) sag 
HER 051 3220 2280 0.013 78 +21 54 t16 


Ra-226 Error Th=-230 Error U 


Total Total Total 
_Sample _pci/] 20% pCci/l 20% ma/l 
HER 051 0.8 +0.3 0.0 £0.4 0.0064 
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ATTACHMENT 3 


SHAFT WATER MONITORING RESULTS 


> 


§ 08/25/89 99:19 eS. 277 1689 BARRINCER ZO2 
19000 w. 6TH avé, SUi%E 486 
GOLOEN, COLORADO 80401 
| PRONE: (309) 277 1887 
BARRINGER LABORATORIES INC 1485 CEMING WAY SuITE 16 
SARK, NEVADA 60431 
i PHONE (70) 388-1198 
Energy Fuels Nuclear, Inc, 
P.O. Box 36 
if Fredonia, AZ 86022 
ATTN; 
f Client No. Log No, 584 Client PO No, 
. Sample Type: water 
lI Date Collected: 6/27/89 Date Received: 7/5/89 Date Reported: 8/23/89 
f. RESULTS OF ANALYSIS 
Alkalinity HCO3 C04 As Ba 
| Sample as Cac03 as Cac03 as CacO Total Total 
Identification mg/l mg/l re/l m/l mg/L 
J HEROLS 206 206 <i .008 05 
Ca COA CL Cu 
Sample Total Total Total Cunduc lance Total 
Identification me/i mg/l mg/l umho/em mg/l 
f HEROUS <.005 538 35.5 3020 03 
Fe Pp Me Mn Hg 
ie Sample P Total Total =‘ Total Tutul Total 
Identification mg/1 ng/L ng /i mg / 1 mg/l mg/l 
(| MEROL 5 1.00 1.17 S02 150 0G 4,0008 
* Varclablliity of Lic :adluective disintegration preesse 
F (counting error) at the 95% confidence level, 20 
Approved > Fe oes 2% a 
a PP ¥ ee. & if 2 
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Energy Fuels Nuclear, Ine. 
P.O, Box 36 
Fredonia, AZ 86022 
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BARRINCER 
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Barringer Laboratories 
15000 W, 6th Avenue 


Suite 300 
Goldan, CO 80401 
(303) 277-1687 


ATTN: 
LGN: 584 
RESULTS OF ANALYSIS (cont'd) 
K Se Ag 
Sample NO3 as N pH PO, as P Total Total Total 
Identification me/). units mg/l mg /i mg /1 mg/L 
: HEROLS ae} 7.29 Rel. 35.2 O15 <,01 
Gross Alpha 
Na 2n (Total) 
Sample $ida Total TDS SOy Total pei/liser 
Identification ng/L mg/1 me/ mg/l mg/l Precision* 
HEROMS 9.9 128 3380 2260 .082 4600 + 100 
Gross Beta Ra=226 Th=230 
(Notal) (otal) (NotaL) Uraniun 
Sample pci/liter pci/liter pcei/liter (Total) 
Identification +Precision*® +Preeision* +Precision* mg/l 
HEROS 1480 + 30 480 + 10 ~ 0.7 + 0.8 0.025 


* Varlabllilly of tle radlowcllve dloluleasulluu process 
(counting error) at the 99% confidence level, 20 


U 18000 W ATH ave suite 100 
GOLOEN. COLSRATO zc4c* 
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ENERGY FUELS CORPORATION Page: Z 
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1200-17th St. Set : 1 
Suite 2500 
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Project : Purchase order : 
Job: 89 4 : ina 
AMENDED REPORT 
| Sample Type: Water 
Alkalinity NH4 as N As Ba HCO3 cd Ca 
8 as Caco3 Total Total as Caco3 Total Total 
Sample mg/l mg/l mg/l mg/l mg/l mg/l mg/l 
| HERO 48 150 0.3 0.008 0.02 150 <0.005 542 
HERO 49 116 14.5 0.530 0.01 116 <0.005 521 
HERO 50 203 0.3 0.006 0.01 203 <0.005 510 
i c} cr Specific cu F Fe Pb Mg 
Total Total Conductance Total Total Total Total 
f Sample _mg/l mg/l umho/cm mg/l mg/l mg/l mg/l mg/l 
HERO 48 40 <0.01 3470 <0.01 2S “21.60  <6.602 186 
HERO 49 38 <0.01 3820 0.02 1.35 0.25 0.03 187 
HERO 50 38 <0.01 3590 <0.01 0.98 Laie <0:..02 162 
u Mn Hg Mo NO3 as N PH P04 as P K Se 
Total Total Total Total Total 
Sample _mg/l mg/l mg/l mg/l unit mq/l mg/l mg/l 
\ 
| HERO 48 0.49 <0.0002 0.02 <O.1 6.92 <0.1 24.2 0.009 
HERO 49 0.08 <0.0002 6.45 31.4 6.69 <0.1 36.1L° 0.017 
HERO 50 0.02 <0.0002 0.01 <0.1 7.05 <0O.1 36.4 0.011 
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AMENDED REPORT 
Sample Type: Water 
Sio2 Ag Na TDS S04 zn Gross Alpha 
Total Total Total Total Total Error 
Sample _mg/l mg/l mg/l mg/l mg/l mg/l pci/l 20* 
HERO 48 11.5 <0.01 76.0 3440 2280 <0.005 19 +18 
HERO 49 Li.«2 0.02 97.8 3530 2300 0.156 29800 +300 
HERO 50 9.9 <0.01 144.0 3320 2190 0.009 1400 +100 
Gross Beta Ra-226 Th-230 U 
Total Error Total Error Total Error Total 
Sample pci/l 20* pci/l 20* pci/l 20% mg/l 
HERO 48 41 +10 3.3 +0.6 0.2 +0.5 0.0041 
HERO 49 10100 +100 60 +3 710 +20 18.4 
HERO 50 150 +10 350 +10 1.7 +0.9 0.025 
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Project : Purchase order : 
Job: 89 4E Status: Final 
AMENDED REPORT 
Abbreviations: 
Analyses: 
NH4 as N : Ammonia 
As : Arsenic 
Ba : Barium 
HCO3 : Bicarbonate 
cd : Cadmium 
Ca : Calcium 
eRe : Chloride 
Cr : Chromium 
cu : Copper 
F : Fluoride 
Fe : Iron 
Pb : Lead 
Mg : Magnesium 
Mn : Manganese 
Hg : Mercury 
Mo : Molybdenum 
NO3 as N : Nitrate 
PO4 as P : Phosphate 
K : Potassium 
Se : Selenium. 
$io2 : Silica 
Ag : Silver 
Na : Sodium 
TDS : Total Dissolved Solids 
AOVANCED TECHNIQUES ANO INSTRUMENTATIGN FOR THE EARTH SCIENCES 
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Project : Purchase order : 
Job: 891214 Status: Final 
AMENDED REPORT 
S04 : Sulfate 
zn ¢ Zine 
Ra-226 : Radium-226 
Th-230 : Thorium-230 
U : Uranium 
Units: 
mg/l : milligrams per liter 
pmho/cm : micromhos per centimeter at 25C 
pci/l : picoCuries per liter 
20% : * Counting error at the 95% confidence level, 20 
Quality control: 
< : less than 
Signed: - 
pati tec a ole ne teks 
Gary Zito 


Laboratory Supervisor 
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Wu 


Authority: 
Project : Purchase order : 


Job: 891214 tatus: Fina 
AMENDED REPORT 


QUALITY CONTROL DATA SHEET 


Time Received: 9:00 Date: 9/27/89 By: T.Moncreif Via: UPS 


Sample Container Type: large cube, small cube 

Sample Type: water 

Preservative When Received: 1.HNO3 2.H2S04 3.none 4.Na0OH/Zn Acetate 
Additional Lab Preparation: none 


Date(s) of 

Parameter Ref Method LLD Preservative Analyst Analysis 
Alkalinity 1 210.1 +. 1 mg/l 3 Swanson 10/5 
NH4 . 350.1 0.1 mg/l 2 Hobbs 20/75 
As I 206.2 0.001 mg/l a Gilleland 10/4 
Ba 1 200.7 0.01 mg/l 1 Hidalgo 10/20 
Cd z 200.7 0.005 mg/l 1 Hidalgo 10/20 
Ca 1 200.7 0.01 mg/l 1 Hidalgo 10/20 
Cl BY 325.2 1 mg/l 3 Hobbs 10/4 
Cr 1 200.7 0.01 mg/l 1 Hidalgo 10/20 
Sp.Cond. 1 120.1 0.001 umho/cm 3 Hencmann 10/5 
Cu 1 200.7 0.01 mg/l 1 Hidalgo 10/20 
F 1 340.2 0.05 mg/l 3 Acree 10/12 
Fe 1 200.7 0.01 mg/l 1 Hidalgo 10/20 
Pb 1 200.7 0.02 mg/l 1 Hidalgo 10/20 
Mg al 200.7 0.01 mg/l 1 Hidalgo 10/20 
Mn i 200.7 0.01 mg/l alk Hidalgo 10/20 


ADVANCED TECHNIQUES AND INSTRUMENTATION FOR THE EARTH SCIENCES 
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One Tabor Center Copy: 1 s6f 3 
1200-17th St. 
Suite 2500 
Denver, CO 80202 
Authority: 
Project : Purchase order : 
Job: 891214 tatus: Final 
AMENDED REPORT 
Hg 1 245.1 0.0002 mg/l 1 Swanson ~ 10/2 
Mo 1 200.7 0.01 mg/l 1 Hidalgo 10/20 
NO3 1 353.4 0.1 mg/l 2 Hobbs 10/3 
pH 1 210.1 0.01 unit 3 Acree 10/2 
PO4 1 365.1 0.1 mg/l 3 Hobbs 10/11 
K i 200.7 0.5 mg/l J. Hidalgo 10/20 
Se 1 270.2 0.001 mg/l BE Gilleland 10/4 
Sio2 , 200.7 0.01 mg/l 3 Hidalgo 10/20 
Ag 1 200.7 0.01 mg/l i Hidalgo 10/20 
Na i 200.7 0.01 mg/l i Hidalgo 10/20 
TDS 1 160.1 10 mg/l 3 Acree 10/3 
S04 1 375.3 5 mg/l 3 Acree 10/3 
zn rf 200.7 0.005 mg/l 1 Hidalgo 10/20 
Gr.Alpha 4 900.0 1.0 pci/l 3 Seidel 11/16-12/1 
Gr.Beta 4 900.0 2.0 pci/i 3 Seidel 11/16-12/1 
Ra-226 4,7,14 903.0,903.1 0.2 pCci/l 3 Howard 10/31-11/2 
Th-230 11 === 0.2 pei/i 3 Jackson, Ortiz 11/6-11/10 
U 4,9,10,14(ASTM)D2907 0.3 ug/l 3 Tonning 10/17-11/20 
U(RR) 4,9,10,14(ASTM)D2907 0.3 ug/l 3 Krizman,Tonning 12/11-12/18 
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Bill Almas 
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1200-17th St. 
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Denver, CO 80202 
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Project : 


Job: 891214 


Purchase order 
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Fina 


Sample 
Identification 


HERO 50 
HERO 50 
HERO 50 
HERO 50 
HERO 50 
HERO 50 
HERO 50 
HERO 50 
HERO 50 
HERO 50 
HERO 50 
HERO 50 
HERO 50 
HERO 50 
HERO 50 
HERO 50 
HERO 50 
HERO 50 
HERO 50 
HERO 50 
HERO 50 
HERO 50 
HERO 50 
HERO 50 
HERO 48 


AOVANCED TECHNIQUES ANDO 


AMENDED REPORT 


DUPLICATES 
Parameter 


Alkalinity 


Relative Deviation 
% From Mean 
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INSTRUMENTATION FOR THE EARTH SCIENCES 


BARRINGER LABORATORIES INC. 


Bill Almas 


ENERGY FUELS CORPORATION 
One Tabor Center 
1200-17th St. 


Suite 2500 
Denver, CO 


Authority: 
Project 


80202 


Job: 891214 


Parameter 


NH4 
As 
Ba 
cd 
Ca 
Gi. 
Cr 
Cu 


zn 
Gr.Alpha 
Gr.Beta 
Ra-226 
Th-230 

U 

U(RR) 


Approved by: 


Cert. 
Result Result 
2.05 1.98 
- 104 -100 
-96 ~97 
-189 -200 
247 250 
26.16 26.05 
201 -200 
199 -200 
49 -50 
.198 -200 
.204 -200 
255 250 
198 -200 
-005 -005 
-198 -200 
2.04 1.98 
-49 -50 
9.8 10.0 
-022 -025 
1.03 1.07 
-92 .99 
256 250 
1430 1479 
1051 1000 
-189 -200 
167 + 4 198 
157 + 2 179 
108 + 3 101 
97 + 3 99 
33 34 
32 34 
, co 


Purchase order 


AMENDED REPORT 


QUALITY CONTROL STANDARDS 


Target Range 


1.78 - 2.18 
-080 - .118 
-87 - 1.07 
-180 - .220 
220 = 275 
24.1 - 27.7 
-180 - .220 
180 - .220 
45 - .55 
-180 - .220 
-180 - .220 
225 - 275 
-180 - .220 
-004 - .006 
-180 - .220 
1.78 - 2.18 
-46 - .54 
9.0 - 11.0 
-017 - .028 
-96 - 1.18 

89 - 1.09 
225 = 275 
1331 - 1627 
900 - 1100 
-180 - .220 
178 - 218 
161 = 197 
96 - 106 
94 - 104 
32 - 36 
32 - 36 


Relative Deviation Spike % 
% From Known 
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AOVANCED TECHNIQUES AND INSTRUMENTATION FOR THE EARTH SCIENCES 


ATTACHMENT 4 
MINE SUMP WATER ANALYSIS 


a 


BARRINGER LABORATORIES INC. 


Energy Fuels 

P.O. Box 36 
Fredonia, AZ 86022 
ATIN: Larry Casebolt 
Client No. 

Sample Type: water 


Date Collected: 6/27/89 


Sample 
Identification 


RERO4S3 


Sample 
Identification 


HERO43 


Sample 
Identification 


HERO43 


PbeNera rises PRellNin fel Mus Loves nos. 


Log No. 583 


Date Received: 7/5/89 


RESULTS OF ANALYSIS 


As Ba Cd Cu 
Total Total Total Total 

ng/1 mg/l mg/l mg/1 
1.09 -03 O14 -04 
Hg Se 
Total NO, as N Total 
mg/l mg/1 mg/1 
0002 12.8 042 
Gross Alpha Gross Beta 

(Total) (Total) 

pCi/liter pCi/litcer 
+Precision* tPrecision* 
4000 + 100 1100 + 30 


18000 W STH AVE, SUITE 200 
QOLOEN. COLORACO 80401 
PHONE: (903) 277-1987 


1468 OEMING WAY, SUITE 18 
SPAAKS, NEVADA 30431 
PHONE: (702) 364-1188 


Client PO No. 


Date Reported: 8/7/89 


Fe Pb Mn 
Total Total Tota 
mg/l mg/1 mg / 
+29 <,02 .08 
Ag Zn 
Total Total 
mg/l mg/l 
<.0L 123 
Uranium 
(Total) 
mg/liter 
3.31 


* Variability of the-radioactive disintegration process 
(counting error) at the 95% confidence level, 20 


Approved by 


re 
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Approved by Me pg. 


1D: ENERGYFLELS FREDONIA TEL NO: 16@26453641 R961 -.2 


Barringer Laboratories 
18000 W. 6th Avenue 
Suite 300 
Golden, CO 80401 
(303) 27791687 
Energy Fuels 
P.O. Box 36 ‘ 
Fredonia, AZ 86022 Ne 
ATTN: Larry Casebolt 
LGN: 583 
QUALITY CONTROL DATA SHEET 
Time Received: 9:00 Date: 7/5/89 By: Gina Reichert Via: UPS 
Sample Container Type: large cube, small cube 
Sample Type: water 
Preservative When Received: 1. HNO, 2. H,S0, 3. None 4. NaOH 
Additional Lab Preparation: None 
Date(s) of 
Parameter Reference Method LLD Preservative Analyst Analysis 
Mercury l 245.1 0.2 ug/l 1 M. Swanson 7/12/89 
Nitrate 1 353.1 0.1 mg/l 2 D. Hobbs 7/12/89 
Arsenic l 206.2 1 ug/l. l G. Gilleland 7/13/89 
Selenium 1 270.2 1 ug/l l D..Hobbs 7/14/89 
Barium l 200.7 10 ug/l 1 D. Hidalgo 8/2/89 
Cadmium 1 200.7 “5 ug/l l D. Hidalgo 8/2/89 
Copper l 200.7 10 -ug/1 1 D. Hidalgo 8/2/89 
Iron 1 200.7 10 ug/l 1 D. Hidalgo 8/2/89 
Lead l 200.7 2 ug/l 1 D. Hidalgo 8/2/89 
Manganese 1 200.7 1 ug/l 1 D. Hidalgo 8/2/89 
Silver 1 200.7 10 ug/l 1 D. Hidalgo 8/2/89 
Zine 1 200.7 5 ug/l 1 D. Hidalgo 8/2/89 
Alpha-Beta 4 1.0,2.0 pCi/1 3 M, Kidwell 7/19-7/31/89 
Uranium 4,14 0.3 ug/l 3 Tonning,Krizman 7/19/89 
DUPLICATES 
Sample Relative Deviation 
Identification Parameter Result Result From Mean 
HERO43 Mercury .0002 20002 | 0.02 
RERO43 Nitrate 12.8 12.8 0.0% 
RERO43 Arsenic 1.13 1.09 4.0% 
HERO43 Selenium 042 041 2.4% 
HERO43 Barium 03 03 0.0% 
HERO43 Cadmium O14 -018 ed 
HERO43 Copper 04 204 0.0% 


< 
. 


AUG-24-'89 18:42 [D:SNERGYFLELS FREDONIA 


Energy Fuels 
P.O. Box 36 


Fredonia, AZ 86022 


ATTN: Larry Casebolt 


LGN: 583 


Sample . 
Identification 


HERO43 
HERO43 
HERO43 
HERO43 
HERO43 
HERO43 


Parameter 


Mercury 
Nitrate 
Selenium 
Arsenic 
Barium 
Cadmium 
Cooper 
Tron 
Lead 
Manganese 
Silver 
Zinc 


Gross Alpha 
Gross Beta 


Uranium 


Result 


-008 
2.01 
-022 
.063 
96 

+212 
- 206 
-208 
+203 
+207 
-90 

2199 


216 +4 
173. = 2 


1,00 


TEL NO: lsd2eeSsedt 


Suite 30 
Golden 
(303) 57 


QUALITY CONTROL DATA SHEET (cont'd) 


Parameter 


Iron 
Lead 
Manganese 
Silver 
Zinc 
Uranium 


QUALITY CONTROL STANDARDS 


DUPLICATES (cont'd). 


Certified 

Result 
008 -006 
1,98 1.78 
.025 O17 
062 .048 
97 87 
.200 180 
+200 - 180 
.200 - 180 
- 200. .180 
200 «180 
99 89 
200 180 
198 178 
179 161 
1.00 -95 


Approved by Lishiracloypy 


§tooertbettttereas 6a 


Target Range 


.009 
2.18 
.028 
.078 
1.07 
.220 
220 
«220 
220 
.220 
1.09 
.220 
218 

197 

1,05 


Barringer Laboratories 
15000 W, 6th Avenue 


0 
CO 80401 
7=1687 


Relative Deviation 
From Mean 


NoocdedcOo 
Hmaoooeo90 
MNRAIN RN 


Relative Deviation 


From Known 


0.0% 
1.5% 
13.0% 
2.0% 
1.0% 
6.02 
3.0% 
4.0% 
1.5% 
3.5% 
9.0% 
0.52 
9.12 
2.2% 
0.0% 


Spike % 


Recovery 


1§000 W. 6TH ave SUITE CO 
GOLDEN, COLORADO 240! 
PHONE: 303) 277 ‘587 
BARRINGER LABORATORIES INC i eae te, 
SPARKS, NEVADA 39431 
PHONE: 702! 358-1'58 
18-Dec-89 
Bill Almas 
ENERGY FUELS CORPORATION Page: ne 
One Tabor Center Copy: lof 3 
1200-17th St. Set : x 
Suite 2500 
Denver, CO 80202 
Authority: 
Project : Purchase order : 
Job: 891214E tatus: Final 
AMENDED REPORT 
Sample Type: Water 
Alkalinity NH4 as N As Ba HCO3 ca Ca 
as Caco3 Total Total as CacO3 Total Total 
Sample mg/l ma/l mg/l mg/l mg/l mg/l mg/l 
HERO 48 150 0.3 0.008 0.02 150 <0.005 542 
HERO 49 116 14.5 0.530 0.01 116 <0.005 §21 
HERO 50 203 0.3 0.006 0.01 203 <0.005 510 
Ci cr Specific Cu F Fe Pb Mg 
Total Total Conductance Total Total Total Total 
Sample _mg/l mg/l umho/cm mg/l mg/l mg/l mg/l mg/l 
HERO 48 40 <0.01 3470 <0.01 1.28 11.60 <0.02 186 
HERO 49 38 <0O.01 3820 0.02 1.35 0.25 0.03 187 
HERO 50 38 <0.01 3590 <0.01 0.98 1.11 <0.02 162 
Mn Hg Mo NO3 as N pH P04 as P K Se 
Total Total Total Total Total 
Sample _mg/l mg/l mg/l mg/l unit ma/l mg/l mg/l 
HERO 48 0.49 <0.0002 0.02 <0.1 6.92 <0.1 24.2 0.009 
HERO 49 0.08 <0.0002 6.45 31.4 6.69 <0O.1 36.1 0.017 
HERO 50 0.02 <0.0002 0.01 <O.1 7.05 <0.1 36.4 0.011 
ADVANCED TECHNIQUES ANO INSTRUMENTATION FOR THE EAATH SCIENCES 
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BARRINGER LABORATORIES INC. Fi ae ait 
SPARKS, NEVADA 3943! 
PHONE: (702) 358-1158 
18-Dec-89 
Bill Almas 
ENERGY FUELS CORPORATION Page: 2 
One Tabor Center Copy: lof 3 
1200-17th St. Set : 1 
Suite 2500 
Denver, CO 80202 
Authority: 
Project : Purchase order : 
Job: 89 4 tatus: Final 
AMENDED REPORT 
Sample Type: Water 
Sio2 Ag Na TDS So4 zn Gross Alpha 
Total Total Total Total Total Error 
Sample _mg/l mg/l mg/l mg/l mg/l mg/l pci/i 20* 
HERO 48 11.5 <0.01 76.0 3440 2280 <0.005 19 +18 
HERO 49 11.2 0.02 97.8 3530 2300 0.156 29800 +300 
HERO 50 9.9 <0.01 144.0 3320 2190 0.009 1400 +100 
Gross Beta Ra-226 Th-230 U 
Total Error Total Error Total Error Total 
Sample pci/l 20% pci/l 20% pci/l 20* mg/l 
HERO 48 41 +10 3.3 +0.6 0.2 £0.5 0.0041 
HERO 49 10100 +100 ‘ 60 +3 710 +20 18.4 
HERO 50 150 +10 350 +10 1.7 +0.9 0.025 
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Project 

Job: 891214 


Purchase order 
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Page: 3 
Copy: 1o0f 3 
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: Final 


Abbreviations: 


Ana es: 


PO4 as P 


AOVANCED TECHNIQUES ANDO INSTRUMENTATI 


©e ©8 08 68 00 80 08 26 2 68 08 88 68 08 80 08 68 #8 #8 86 80 08 08 08 


AMENDED REPORT 


Ammonia 
Arsenic 
Barium 
Bicarbonate 
Cadmium 
Calcium 
Chloride 
Chromium 
Copper 
Fluoride 
Iron 

Lead 
Magnesium 
Manganese 
Mercury 
Molybdenum 
Nitrate 
Phosphate 
Potassium 
Selenium 
Silica 
Silver 
Sodium 
Total Dissolved Solids 


SN FOR THE EARTH SCIENCES 


a Fe 66 


1§000 W 6TH 


GOLDEN, COLORAD 3C4c° 


. PHONE: a ar? 3a? 
BARRINGER LABORATORIES INC rat 
SPARKS. NEVADA 3943! 
PHONE: 702) 358-1'38 
18-Dec-89 
Bill Almas 
ENERGY FUELS CORPORATION Page: 4 
One Tabor Center Copy: 1 0f 3 
1200-17th St. Set : dL. 
Suite 2500 
Denver, CO 80202 
Authority: 
Project : Purchase order 
Job: 89 4 Status: Final 
AMENDED REPORT 
S04 : Sulfate 
Zn : Zine 
Ra-226 : Radium-226 
Th-230 : Thorium-230 
U : Uranium 
Units 
mg/1 : milligrams per liter 
pmho/cm : micromhos per centimeter at 25C 
pci/l : picoCuries per liter 
20* : * Counting error at the 95% confidence level, 20 
Quality control: 
< : less than 
Signed: - 
SCS eee 
Gary Zito 


Laboratory Supervisor 
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Denver, CO 80202 
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Authority: 
Project : Purchase order : 


Job: 891214 Status: Final 
AMENDED REPORT 


QUALITY CONTROL DATA SHEET 


Time Received: 9:00 Date: 9/27/89 By: T.Moncreif Via: UPS 


Sample Type: water 
Preservative When Received: 1.HNO3 2.H2S04 3.none 4.NaOH/Zn Acetate 
Additional Lab Preparation: none 


Date(s) of 
Parameter Ref Method LLD Preservative Analyst Analysis 
Alkalinity 1 210.1 1 mg/l 3 Swanson 10/5 
NH4 1 350.1 0.1 mg/l 2 Hobbs 10/5 
As 1 206.2 0.001 mg/l 1 Gilleland 10/4 
Ba 1 200.7 0.01 mg/l 1 Hidalgo 10/20 
Cd 1 200.7 0.005 mg/l 1 Hidalgo 10/20 
Ca i 200.7 0.01 mg/l Fi Hidalgo 10/20 
Cl ak 325.2 1 mg/l 3 Hobbs 10/4 
cr a. 200.7 0.01 mg/l 1 Hidalgo 10/20 
Sp.Cond. 1 120.1 0.001 umho/cm 3 Hencmann 10/5 
Cu 1 200.7 0.01 mg/l 1 Hidalgo 10/20 
F L 340.2 0.05 mg/l 3 Acree 10/12 
Fe 1 200.7 0.01 mg/l 4 Hidalgo 10/20 
Pb 1 200.7 0.02 mg/l 1 Hidalgo 10/20 
Mg 1 200.7 0.01 mg/l 1 Hidalgo 10/20 
Mn 1 200.7 0.01 mg/l a Hidalgo 10/20 
SOVANCED TECHNIQUES ANDO INSTRUMENTATION FOR THE EARTH SCIENCES 


{ Sample Container Type: large cube, small cube 
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ENERGY FUELS CORPORATION Page: 6 
One Tabor Center Copy: lof 3 
1200-17th St. 
Suite 2500 
Denver, CO 80202 
Authority: 
Project : Purchase order : 
Job: 891214 atus: Final 
AMENDED REPORT 
Hg 1 245.1 0.0002 mg/l 1 Swanson ~ 10/2 
Mo 1 200.7 0.01 mg/l i Hidalgo 10/20 
NO3 x 383.3 0.1 mg/l 2 Hobbs 10/3 
pH i 210.1 0.01 unit 3 Acree 10/2 
PO4 : 365.1 0.1 mg/l 3 Hobbs 10/11 
K i 200.7 0.5 mg/l i. Hidalgo 10/20 
Se 1. 270.2 0.001 mg/l 1 Gilleland 10/4 
Sio2 1 200.7 0.01 mg/l 1 Hidalgo 10/20 
Ag Ae 200.7 0.01 mg/l Bi Hidalgo 10/20 
Na 1 200.7 0.01 mg/l z Hidalgo 10/20 
TDS 1 160.1 10 mg/l 3 Acree 10/3 
S04 1 375.3 5 mg/l 3 Acree 10/3 
Zn 1 200.7 0.005 mg/l 1 Hidalgo 10/20 
Gr.Alpha 4 900.0 1.0 pei/l 3 Seidel 11/16-12/1 
Gr.Beta 4 900.0 2.0 pei/l 3 Seidel 11/16-12/1 
Ra-226 4,7,14 903.0,903.1 0.2 pci/l 3 Howard 10/31-11/2 
Th-230 11 --- 0.2 peal 3 Jackson, Ortiz 11/6-11/10 
U 4,9,10,14(ASTM) D2907 0.3 ug/l 3 Tonning 10/17-11/20 
U(RR) 4,9,10,14(ASTM)D2907 0.3 ug/l 3 Krizman,Tonning 12/11-12/18 


AOVANCED TECHNIQUES AND INSTRUMENTATION FOR THE EARTH SCIENCES 


1§000 W 5TH AVE 3u:7E 3CO 
GOLOEN. COLORACO 3040; 
PHONE 503) 277 *687 
BARRINGER LABORATORIES INC. sia iglesias Sek 
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Bill Almas 
ENERGY FUELS CORPORATION Page: 7 
One Tabor Center Copy: 1o0f 3 
1200-17th St. 
Suite 2500 
Denver, 80202 
Authority: 
Project Purchase order : 
Job: 8 z tatus: Final 
AMENDED REPORT 
DUPLICATES 
Sample Relative Deviation 
Identification Parameter Result Result % From Mean 
HERO 50 Alkalinity 203 203 0.0 
HERO 50 NH4 34 34 0.0 
HERO 50 As -006 -006 0.0 
HERO 50 Ba -O1 -O1 0.0 
HERO 50 cd <.005 <.005 0.0 
HERO 50 Ca 510 511 0.2 
HERO 50 CL 38.2 38.2 0.0 
HERO 50 Cr -O1 <.01 eee 
HERO 50 Sp.Cond.. 3590 3590 0.0 
HERO 50 Cu <.01 <.01 0.0 
HERO 50 Fe 1.11 a Ee les B 0.0 
HERO 50 Pb <.02 <.02 0.0 
HERO 50 Mg 162 161 0.6 
HERO 50 Hg <.0002 <.0002 0.0 
HERO 50 Mo -O1 <.01 == 
HERO 50 NO3 Kol <.1 0.0 
HERO 50 PO4 <al <.1 0.0 
HERO 50 K 36.4 36.0 1.<'0 
HERO 50 Se 010 -O11 9 
HERO 50 Ssio2 9.9 9.9 0.0 
HERO 50 Ag <.01 <.01 0.0 
HERO 50 Na 144 143 0.7 
HERO 50 zn -009 -008 == 
HERO 50 U -025 ~025 0.0 
HERO 48 U(RR) -0044 -0039 6.0 


AOVANCED TECHNIQUES ANDO 


INSTRUMENTATION 


FOR THE EARTH SCIENCES 


BARRINGER LABORATORIES INC 


Bill Almas 

ENERGY FUELS CORPORATION 
One Tabor Center 
1200-17th St. 

Suite 2500 

Denver, CO 80202 


Authority: 


Project : Purchase order 


Job: 89 4 


AMENDED REPORT 


QUALITY CONTROL STANDARDS 
Cert. 

Parameter Result Result Target Range 
NH4 2.05 1.98 1.78 = 2.18 
As - 104 -100 -080 - .118 
Ba -96 -97 -87 - 1.07 
Cd »La9 -200 -180 - .220 
Ca 247 250 225 = 275 
Cl 26.16 26.05 24.1 - 27.7 
cr -201 - 200 -180 = .220 
Cu 199 -200 «180 = .220 
F 49 -50 45 - .55 
Fe .198 -200 ~180 = .220 
Pb -204 -200 -180 - .220 
Mg 255 250 225 =~ 275 
Mn -198 -200 ~180 = .220 
Hg -005 -005 -004 - .006 
Mo -198 -200 -180 - .220 
NO3 2.04 1.98 1.78 = 2.18 
PO4 49 -50 46 - .54 
K 9.8 10.0 9.0 - 11.0 
Se -022 ~025 -017 - .028 
$id02 1.03 1.07 -96 - 1.18 
Ag -92 -99 89 - 1.09 
Na 256 250 225 = 275 
TDS 1430 1479 1331 - 1627 
S04 1051 1000 900 - 1100 
zn -189 -200 -180 - .220 
Gr.Alpha 167 + 4 198 178 - 218 
Gr.Beta 157 £2 179 161 - 197 
Ra-226 108 + 3 101 96 - 106 
Th-230 97 + 3 99 94 - 104 
U 33 34 32 - 36 
U (RR) 32 34 32 - 36 
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1 PARAMETER, UNIT HR 012 HR 019 HR 025 HR 032 HER 041 PREMINING SAMPLE STANDARD MAXIMUM ACCEPTABLE 
04-28-88 12-23-88 05-31-89 SAMPLE MEAN 
Oe ee a, ee eos seis aa in 
4 As,mg/| 0.013 0.015 0.02 0.006 0.006 0.012 0.0060 0.0241 
5 Ba,ag/! 0.01 0.02 0.04 0.04 0 0.022 0.0179 0.0578 
6 Cd,mg/! 0 0.025 0 0 0 0.005 0.0112 0.0274 
7 Cu,ng/! 0.01 0.02 0.02 0.04 0.02 0.022 0.0110 0.0439 
8 Fe, mg/| 4.03 7.48 6.21 7.33 9.85 6.98 2.1167 11.2114 
9 Pb,mg/| 0 0.15 0 0 0 0.03 0.0671 0.1642 
10 Mn, mg/l 0.08 0.11 0.09 0.1 0.17 0.108 0.0404 0.1867 
11 Hg,ng/! 0.0011 0.0011 0.0003 0 0.0002 0.00054 0.0005 0.0016 
12 Se, mg/! 0.009 0 0.037 0.012 0.018 0.0152 0.0138 0.0428 
13 Ag,ag/! 0.01 0.02 0.02 0 0 0.01 0.0100 0.0300 
14 Zn,mg/! 0 0.118 0.07 0.136 0.015 0.0678 0.0603 0.1885 
15 U,ng/! 0.0025 0.0026 0.0022 0.0024 0.0029 0.0025 0.0003 0.0030 
16 Alk as CaC03,mg/1 159 155 157 157 159 157.4 1.6733 160.7468 
17 HCO3 as CaC03 159 155 167 157 159 157.4 1.6733 160.7466 
18 C03, ag/! 0 0 0 0 0 0 0.0000 0.0000 
19 Ca, mg/l 585 677 494 533 546 547 36.5718 620.1437 
20 Cl,mg/! 43 4l 42.3 40.1 39.6 41.2 1.4370 44.0740 
21 Cr,ag/! 0.1 0.15 0.13 0.01 0.01 0.08 0.0663 0.2127 
22 F,mg/| 1.47 1.39 1.32 * - Va 1.2 1.37 0.0815 1.6331 
23 Mg, ag/! 183 192 169 17 187 181.6 8.9331 199.4862 
24 P04, ng/! 0 0 0 0 0 0 0.0000 0.0000 
25 K,ag/! 26.3 24.4 19.4 21.6 25.7 23.28 2.6957 28.6715 
26 Si02,ag/I 13.6 12.8 ll 12.6 12.1 12.42 0.9602 14.3404 
27 Na,ag/! 70.1 78.8 69.5 73.6 82 74.8 5.4649 85.7298 
28 S04,ng/! 2230 2240 2080 2220 2360 2228 99. 3982 2424. 7964 
29 TDS, mg/! 3500 3450 3430 3430 3470 3456 29.6648 3515 .3296 
30 N03 as N,ag/I 0.7 0 0 0 0 0.14 0.3130 0.7661 
31 Gross alpha, pCi/I! 0 0 76 12 14 20.4 31.7616 83.9232 
32 Gross beta, pCi/I 31 27 38 30 39 33 5.2440 43.4881 
33 Th230, pCi/I 0 0.7 0.4 0.6 0 0.34 0.3286 0.9973 
34 Ra226, mg/I 3.6 2.6 0.4 2.1 1.2 1.96 1.2054 4.3708 
35 Electrical conductiv 3430 3210 3340 3440 3200 3324 116.4556 3554 .9112 
36 ushos/ca 0.0000 
37 pH, units 8.02 Van 7.4 7.59 7.6525 0.3500 8.2526 
38 TSS, mg/l 18 4 9 32.26 37.3486 108.9472 
EXHIBIT #2 


Hermit Mine Premining Groundwater Quality 
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HERMIT MINE MINING PHASE GRW QUALITY 


A 


PARAMETERS, 


UNITS 


As,mg/! 

Ba,mg/! 

Cd,mg/! 

Cu,mg/! 

Fe,mg/|! 

Pb,mg/| 

Mn ,mg/ I- 

Hg,mg/| 

Se,mg/| 

Ag,mg/! 

Zn,mg/I- 

U, Total mg/I- 
Alk as CaC03,mg/! 
HCO3 as CaC03,mg/! 
C03,mg/! 
Ca,mg//I- 

Cl,mg/! 

Cr,mg/! 

F,mg/| 

Mg ,mg/ | 

P04,mg/I 

K,mg/1- 
$i02,mg/! 

Na,mg/! 

$04,mg/| 

TDS ,mg/! 

NO3 as N,mg/! 
Gross alpha,pCi/! 
Gross beta,pCi/I- 
Th230, pCi/I- 
Ra226,pCi/| 


Electrical conductivity, 


umhos/cm 
pH, units 
TSS ,mg/1 
U,Dissolved mg/! 


PREMINING 


SAMPLE 
MEAN 


“ OO@0000 
So 
Ld 
i] 


6-MAR-90 09:09:63 Pg 


1 


c D E F G 
SAMPLE RESULTS SAMPLE RESULTS SAMPLE RESULTS SAMPLE RESULTS SAMPLE RESULTS 
STANDARD HER 044 HER 048 HER 061 HER 052 
DEVIATION 06-29-89 09-21-89 10-19-89 12-07-89 
0.0080 0.004 0.008 0.022 0.0080 
0.0179 0.02 0.02 0.01 0.0200 
0.0112 0.008 fe) (a) <0.005 
0.0110 0.02 Ce) re) 0.0200 
2.1167 12 11.6 4.71 1.1300 
0.0671 <0.02 <0.02 <0.02 <0.02 

0.0404 0.23 0.49 0.39 0-2 
0.0006 fe) te) Ce) 0. 
0.0138 0.02 0.009 0.023 0.0060 
0.0100 (0) te) to) : 
0.0603 0.077 te) 0.013 — 0.2680) 
0.0003 0.0035 0.0043 0.00864 — 0.024 5 
1.6733 160 0 156 .0000 
1.6733 160 160 165 
0.0000 te) 

36.6718 642 647 468 .0000 
1.4370 40 39 62.0000> 
0.0663 <0.01 0.01 <0.01 
0.0815 1.28 1.43 1.3000 
8.9331 186 201 155.0000 
0.0000 <0.1 <0.1 <0.1 
2.6967 24.2 31.6 44 ,.5000> 
0.9602 11.6 9.8 8.9000 
5.4649 76 102 138.0000 
99.3982 2280 2280 2280.0000 
29.6648 3440 3220 3310.0000 
0.3130 te) te) <0O.1 + 
31.7616 28 19 78 22.0000 
6.2440 40 41 64) 68 .0000 
0.3286 0.2 te) 3.1000 
1.2064 3.3 0.8 2.4000 
115.4668 3470 3600 3470.0000 
0.0000 

0.3500 6.92 7.2900 
37.3486 


H 


MAXIMUM 
ACCEPTABLE 
VALUE 


620.1437 
44.0740 
0.2127 
1.6331 

199.4662 


HERMIT MINE GROW RESULTS-MINING 21-DEC-89 14:45:17 Pg 1 


A B c D E F ¢ 
1 PARAMETERS , PREMINING SAMPLE RESULTS SAMPLE RESULTS SAMPLE RESULTS SAMPLE RESULTS MAXIMUM 
2 UNITS SAMPLE STANDARD HER 044 HER 048 HER 051 ACCEPTABLE 
3 MEAN DEVIATION 06-29-89 09-21-89 10-19-89 VALUE 
4 
5 As,mg/! 0.012 0.0060 0.004 0.008 0.022 0.0241 
6 Ba,ng/I 0.022 0.0179 0.02 0.02 0.01 0.0578 
7 Cd,mg/! 0.005 0.0112 0.008 0 0 0.0274 
8 Cu,ng/! 0.022 0.0110 0.02 0 0 0.0439 
6.98 2.1157 ap 11.6 4.71 11.2114 
10 Pb,mg/ 0.03 0.0671 0 0 0 0.1642 
" 0.106 0.0404 0.23) 0.4 0.89 0.1887 
12 Hg,mg/! 0.00054 0.0005 0 0 0 0.0016 
13 Se,ng/! 0.0152 0.0138 0.02 0.009 0.023 0.0428 
14 Ag,ag/! 0.01 0.0100 0 0 0 0.0300 
15 Zn,mg/I 0.0678 0.0603 0. 0 0.013 0.1885 
1 
17 Alk as CaC03,ng/! 157.4 1.6733 150 0 160.7466 
18 HCO3 as CaC03,mg/! 157.4 1.6733 150 150 160.7468 
19 C03, mg/I 0 0.0000 0 0.0000 
20 Ca,ng//I 547 36.5718 542 647 620.1437 
21 Cl,ag/! 41.2 1.4370 40 39 44.0740 
22 Cr,ag/I 0.08 0.0663 0 0.01 0.2127 
23 F,ng/I 1.37 0.0816 1.28 1.43 1.5331 
24 Mg, ag/! 181.6 8.9331 186 Cao) 199.4682 
25 P04,mg/I 0 0.0000 0 0 0.0000 
26 K,ng/I 23.28 2.6957 24.2 31.6 28.6715 
27 Si02,mg/| 12.42 0.9602 11.5 9.8 14.3404 
28 Na,mg/I 74.8 5.4649 76 (102) 85.7298 
29 S04,mg/! 2226 99.3982 2280 2280 2424 .7964 
30 TDS, mg/! 3456 29.6648 3440 3220 3516 .3296 
31 NO3 as N,ag/! 0.14 0.3130 0 0 0.7661 
32 Gross alpha,pCi/I 20.4 31.7616 28 19 78 83.9232 
33 Gross beta,pCi/I 33 5.2440 40 41 Ce) 43.4881 
34 Th230,pCi/1 0.34 0.3286 0.2 0 0.9973 
36 Ra226,pCi/! 1.96 1.2064 3.3 0.8 4.3708 
36 Electrical conductivity, 3324 115.4556 3470 (3600 ) 3554.9112 
37 umhos/ca 0 0.0000 i 0.0000 
38 pH, units 7.5525 0.3600 6.92 6.8525 
39 TSS,mg/! 32.25 37.3486 0.0000 
40 
TABLE II 
Mining Water Quality Results 
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Hermit Mine 
Premining 
Water Quality Data Report 


Pursuant to Requirements 
Contained Within Groundwater Protection Permit G-0035-08 


Premining Water Quality Baseline Determination 


During the period between construction of the surface facility 
and mining activity, five quarterly samples from the 
Monitor/Production Well identified as Well Registry #55-518877 
were collected and analyzed. Four of the quarterly samples have 
been submitted previously to the Arizona Department of 
Environmental Quality. Sample results from the fifth quarterly 
sample are included in this Report as Exhibit 1. 


Pursuant to requirements contained within the Hermit Mine Ground- 
water Protection Permit, the premining mean ave 2 concentration 
and sample standard deviation were calculated for parameters 
specified in part II.B.2.b. These calculations provide a water 
quality baseline and establish Maximum Groundwater Limits for 
monitor well samples during the mining phase. A summary of the 
analytical results making up the premining baseline and calcula- 
tions are shown on Exhibit 2. 


Groundwater Inflow to Shaft and Mine Development Workings 


Exhibit 3 illustrates mine inflows for the premining period. 
Groundwater was initially encountered during shaft sinking on 
June 15, 1988. Groundwater was first encountered 902 feet below 
the shaft collar elevation (3,984 feet MSL) at the Coconino 
sandstone-Toroweap limestone formation contact. Inflows were 
estimated at 2 gpm based on pump capacity and operating hours. 
Inflow steadily increased from 2 gpm to 15 gpm as shaft 
construction proceeded to 942 feet below shaft collar elevation 


(3944 feet MSL). The unsaturated Hermit shale contact was 
encountered at this elevation and no additional saturated zones 
were encountered during shaft construction. During July, 1988, a 
grouting program was initiated at the Coconino-Hermit formation 
contact which effectively reduced inflow to about 7 gpm. 
Thereafter, groundwater inflows to the shaft and development mine 
workings increased steadily due principally to development of a 
mine adit at the 3970 feet MSL elevation. This adit was driven 
off the main shaft, following the Coconino-Toroweap formation 
contact outside of the breccia pipe. Development of the mine 
adit significantly increased total surface area open to 
groundwater inflow resulting in increased flow. Total mine water 
was made up almost entirely of water from the Coconino-Toroweap 
formations with only an estimated 2 gpm entering the mine 
development workings at all other locations. 


A groundwater sampling monitor point was established at an 
elevation of 908 feet below the shaft collar at an elevation of 
3976 feet MSL. The monitor point is a diamond drill core hole 
which penetrates the Coconino and Toroweap formations. 
Analytical information from water collected from this zone has 
been presented in previous quarterly reports, specifically, 
samples HRO23 and HRO33. Second Quarter, 1989 Shaft Water 
Analysis results are identified as HER 042 in Exhibit 1. The 
approximate location of the monitoring point is identified on 
Plate 1. 


Mine Configuration 


The development of the surface plant was performed in accordance 
with the approved Plan of Operations submitted to the Bureau of 
Land Management as described in the Hermit Mine Notice of Intent 
to Mine filed with the ADEQ. A total of approximately 24 acres 
has been disturbed, including two water evaporation ponds. Plate 
2 illustrates the current surface plant configuration. 


Underground workings, as of June 30, 1989, are illustrated in a 
side view in Plate 1. 


Permeability of the Mine Sump 


As part of the documentation needed for the application for the 
Groundwater Protection Permit at the Hermit Mine, EFN contracted 
with Canonie Environmental Services Corporation (Canonie) to 
assess potential impacts to groundwater at the site. The report, 
"Potential Impacts of Mining on Groundwater Resources", was 
submitted January, 1988. In part, the study looked at the 
permeability porosity and specific retention of rock within the 
breccia pipe and in surrounding formations. Rock core samples 
were obtained from the mining zone and the zones below mining 
both inside and outside of the pipe. Care was taken to select 


rock samples representative of the rocks surrounding the mining 
zone. 


Core material selected for determining Hermit shale permeability 
was obtained at approximately the same elevation, and within 500 
feet, of the Hermit mine sump. Canonie concluded that Hermit 
shale and breccia material are essentially impermeable with gas 
permeabilities ranging from a 10°® cm/sec. to 1079 cm/sec. This 
range represents values one to two orders of magnitude below the 
levels at which materials are commonly considered impermeable for 
hydrogeological and geotechnical engineering applications. 


A copy of the portion of the report, which discusses physical 
parameters influencing migration of mine water, is attached as 
Exhibit 4. 


EXHIBIT I 


SECOND QUARTER, 1989 
WATER QUALITY ANALYSIS 
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SEND TO: GACk/UGEX LAGS 
15,000 WEST GTH AVE Sur7E3OO CHAIN OF CUSTODY RECORD - CLIENT COPY 
eee: CoLokardn Soyo/ 


SENT FROM 
Sampler’s Mame: <4uretve ¢-Cdegoe7 
Company Name: Bayete. CUELS AMCL&Ak 
Company Address: “2.92< 34 ¢24001/4 rar GOOrL - 
; @ 
7 o 
mC) 
hy 
Ly (Instructions for 
fy) Analysis on 
eet Lom re igo back of form 
D, # Comments 
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i Shipping Information 
Carrier: zepetae Cxphess 
Date Shipped:_¢ -/- £7 


Reling ished By: (Signature) 
oe > ae. 


Relinguished By: (Signature) 


BARRINGER LABORATORIES INC. 


Energy Fuels Nuclear, Inc. 

P.O. Box 36 

Fredonia, AZ 86022 

ATTN: Larry Casebolt 

Client No. Log No. 344 


Sample Type: water 


Date Collected: 5/31/89 Date Received: 6/2/89 


RESULTS OF ANALYSIS 


Client 


15000 W. 6TH AVE., SUITE 300 
GOLDEN, COLORADO 80401 
PHONE: (303) 277-1687 


1455 OEMING WAY. SUITE 15 


SPARKS, NEVADA 89431 
PHONE: (702) 358-1158 
PO No. 


Date Reported: 7/21/89 


Alkalinity HCO co As Ba 

Sample as CaCO as caco as Caco Total Total 
Identification mg/1 mg/1 mg/1 mg/1 ng/1 
HERO41 2upe'y wel! 159 159 <1 .006 <.01 
HERO4G2 2% @ chef} 209 209 <1 .007 <.01 
PNOGO Wie nut) 204 204 <1 <.001 01 

Cd Ca Cr Cu 

Sample Total Total Cl Total Conductance Total 
Identification mg/1 mg/1 mg/1 mg/l umhos/cm mg /1 
HERO41 .005 546 39.6 ~O1 3200 02 
HERO42 005 514 28.4 .02 3170 02 
PNO40 005 181 20.1 <.01 1860 .02 

Fe Pb Mg Mn Hg 

Sample F Total Total Total Total Total NO, as N 
Identification mg/1 mg/1 mg/1 mg/1 mg/1 mg/1 mg/l 
HERO41 1.26 9.85 <.02 187 «17 -0002 <.l 
HERO42 1.07 1.01 <.02 166 -05 0003 a | 
PNO40 «13 8.52 <.02 127 dL -0002 Sek 
Approved by dD ——_ 
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Energy Fuels, Inc. 


P.O. Box 36 


Fredonia, AZ 86022 


ATTN: Larry Casebolt 


LGN: 344 


Sample 


Identification 


HERO41 
HERO42 
PNO4O 


Sample 


Identification 


HERO41 
HERO42 
PNO4O 


Sample 


Identification 


HERO41 «ae 
HERO42 saan 
PNO4O 


pH PO, asaP 
units mg/1 

71.09 <:1 

7.68 <.l 

7.84 Sh 

TDS TSS so 
mg/l mg/l 
3470 88 2360 
3360 <4 2190 
1610 66 1010 


Gross Alpha 


Gross Beta 


(Total) (Total) 
pCi/liter pCi/liter 
+Precision* +Precision* 
14 + 20 392 11 
16 = 100 400 + 20 
65 + 14 44 + 6 


Barringer Laboratories 
15000 W. 6th Avenue 


Suite 300 


Golden, CO 80401 
(303) 277-1687 


Se Ag Na 
Total Sid Total Total 
ng/1 mg/t mg/1 mg/1 
.018 ad <.0l 82.0 
019 9.37 <.0l 134 
-016 8.68 <.0l1 79.8 
Ra-226 
(Total) 
S pCi/liter 
ng/1 +Precision* 
<2 + 0.4 
<2 230 + 10 
<2 nae | 
Th-230 
(Total) Uranium 
pCi/liter (Total) 
+Precision* mg/liter 
O.OFS0.5 ( 0.0029) 
0.1 + 0.4 > 
Ot Ose 0.0067 


* Variability of the radioactive disintegration process 
(counting error) at the 95% confidence level, 20 
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Energy Fuels 
P.O. Box 36 


Fredonia, AZ 86022 


ATTN: Larry Casebolt 


LGN: 344 


Time Received: 9:30 


Sample Container Type: large cube, small cube 


Sample Type: water 


QUALITY CONTROL DATA SHEET 


Date: 6/2/89 


Preservative When Received: l. HNO, 


Additional Lab Preparation: 


Parameter 


Nitrate 
Chloride 
Phosphate 
Mercury 
Barium 
Cadmium 
Calcium 
Chromium 
Copper 
Iron 

Lead 
Magnesium 
Manganese 
Potassium 
Silica 
Selenium 


Conductance 


Alkalinity 
Arsenic 

pH 
Fluoride 
Silver 
Sodium 
Zinc 

TSS 

TDS 
Sulfate 


Reference 


Op 


Method 


353.1 
325.2 
365.1 
1 
7 


None 


Z. H,SO 


2 


LLD 


0.1 umhos/cm 


0.5 
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ng/1 
ng/1 
mg/1 
ug/1 
ug/1 
ug/1 
ug/1 
ug/1 
ug/1 
ug/1 
ug/1 
ug/1 
ug/1 
ug/1 
ug/1 
ug/1 


ng/1 
ug/1 
units 
mg/1 


ug/l 


ug/1 
ug/1 
ng/1 
ng/1 
ng/1 


3. None 


Preservative 


WoW WW rR Re RD WD OO 


GOVUV OT V0 VU UVU Rvvy 


Barringer Laboratories 
15000 W. 6th Avenue 


Suite 300 


Golden, CO 80401 
(303) 277-1687 


By: Gina Reichert Via: 


4. NaOH 


Analyst 


Hobbs 

Hobbs 

Hobbs 

Swanson 
. Hidalgo 
. Hidalgo 
. Hidalgo 
Hidalgo 
. Hidalgo 
. Hidalgo 
Hidalgo 
Hidalgo 
Hidalgo 
. Hidalgo 
D. Hidalgo 


G. Gilleland 


A. Knudson 
M. Swanson 


G. Gilleland 


A. Knudson 
A. Knudson 
D. Hidalgo 
D. Hidalgo 
D. Hidalgo 
A. Knudson 
A. Knudson 
A. Knudson 


PS. 


Fed. Express 


Date(s) of 


Analysis 


6/6/89 

6/7/89 

6/12/89 
6/15/89 
6/19/89 
6/19/89 
6/19/89 
6/19/89 
6/19/89 
6/19/89 
6/19/89 
6/19/89 
6/19/89 
6/19/89 
6/19/89 
6/23/89 
6/26/89 
6/26/89 
6/27/89 
6/28/89 
6/29/89 
6/19/89 
6/19/89 
6/19/89 
6/26/89 
6/26/89 
6/26/89 


l of 4 


Parameter 


Energy Fuels 
P.O. Box 36 
Fredonia, AZ 86022 


ATTN: Larry Casebolt 


LGN: 344 


Sulfite 1 
Alpha-Beta 4 
Radium 226 
Thorium 230 ll 
Uranium 


Sample 


Identification 


PNO40 
PNO40 
PNO4O 
PNO40 
PNO4O 
PNO4O 
PNO40 
PNO4O 
PNO4O 
PNO4O 
PNO4O 
PNO40 
PNO4O 
PNO4O 
PNO40O 
PNO4O 
HERO42 
PNO40 
PNO40 
PNO4O 
HERO4 1 
PNO40 
PNO4O 
PNO4O 
PNO4O 


Reference 


Barringer Laboratories 
15000 W. 6th Avenue 


Suite 300 


Golden, CO 80401 
(303) 277-1687 


QUALITY CONTROL DATA SHEET (cont'd) 


Method 


377.1 
1 


Parameter 


Nitrate 
Chloride 
Phosphate 
Mercury 
Barium 
Cadmium 
Calcium 
Chromium 
Copper 
Iron 

Lead 
Magnesium 
Manganese 
Potassium 
Silica 
Selenium 
Conductance 
Alkalinity 
Arsenic 
pH 
Fluoride 
Silver 
Sodium 
Zinc 

TSS 


-0 
0 
0 
0 


Approved by hy QL Z 


Date(s) of 
Analysis 


6/28/89 

7/6-7/12/89 
7/7-7/13/89 
6/29-7/7/89 
7/7-7/10/89 


Relative Deviation 


LLD Preservative Analyst 
1 mg/1 3 A. Knudson 
y2ieO pCi/1 3 M. Kidwell 
.2 pCi/1l 3 Howard, Barkey 
«2 pCL/ 1. 3 Jackson, Ortiz 
3 ug/l 3 Tonning ,Krizman 
DUPLICATES 
Result Result 

<.l Sek 

20.1 20.1 

<1 <.l 

.0002 0003 

.O1 .Ol 

<.005 <.005 

181 180 

<.01 <.01 

-02 02 

8.52 8.45 

<.02 <.02 

127 126 

so 251 

28.9 28.5 

8.68 8.64 

.019 .020 

3170 3170 

203 205 

<.001 <.001 

7.84 7.83 

1.24 Lined 

<.01 <.01 

79.8 78.9 

.036 .036 

65 67 


From Mean 


WORFRONDOKFOUDHOCCOCOCOCO 
A Gre we ee Se ey) ewe eh ae ite er er er, er te 
SCOFORHODOOULROWOWOODIOO 
ENCES SCE SCE CREE NCI NOME NCE CCIE SCE NCMEE CIEE NCEE SCTE CIEE CENCE NCCE 


pg. 2 of 4 


Energy Fuels, Inc. 
P.O. Box 36 
Fredonia, AZ 86022 


ATTN: Larry Casebolt 


Barringer Laboratories 
15000 W. 6th Avenue 
Suite 300 

Golden, CO 80401 
(303) 277-1687 


LGN: 344 
QUALITY CONTROL DATA SHEET (cont'd) 
DUPLICATES (cont'd) 

Sample Relative Deviation 
Identification Parameter Result Result From Mean 
HERO41 TDS 3470 3480 0.3% 
HERO42 Sulfate 2160 2230 3.24 
HERO42 Sulfite <2 <2 0.0% 

PNO40 Uranium 0.0069 0.0064 3.8% 
QUALITY CONTROL STANDARDS 

Certified Acceptable Relative Deviation Spike % 
Parameter Result Result Target Range From Known Recovery 
Nitrate Zink 1.98 1.78 - 2.18 7.82% --- 
Chloride 25.6 26.05 24.1 - 27.7 1.6% --- 
Phosphate 47 -50 -46 - .54 6.2% --- 
Mercury 006 005 -004 - .006 --- 100 
Barium 92 97 -87 - 1.07 5.0% 91 
Cadmium 197 -200 -180 - .220 1.52 99 
Calcium 243 250 225 - 275 2.8% a 
Chromium 196 -200 . -180 - .220 2.0% 98 
Copper 205 200 -180 - .220 2.54 100 
Iron 199 -200 ~180 - .220 0.5% --- 
Lead 194 -200 -180 - .220 3.0% 93 
Magnesium 197 - 200 -180 - .220 1.5% -—= 
Manganese 197 - 200 -180 - .220 1.5% 95 
Potassium 9.31 10.0 9.0 - 11.0 6.9% 82 
Silica 97 1.07 -96 - 1.18 9.0% --- 
Selenium -025 025 -0O17 - .028 0.0% 88 
Arsenic -099 -100 -080 - .118 1.0% 76 
Fluoride -48 -50 -45 - .55 4.1% 90 
Silver -90 99 .89 - 1.09 9.0% 86 
Sodium 253 250 225 - 275 1.2% a 
Zinc 203 -200 -180 - .220 1.5% 107 
TDS 1490 1470 1331 - 1627 0.7% --- 
Sulfate 1067 1000 900 - 1100 6.7% ae 
Gross Alpha 210 + 4 198 178 - 218 6.1% --- 
Gross Beta 168 +1 179 161 - 197 6.1% as 
Radium 226 95 = 2 101 96 - 106 6.0% ae 
Thorium 230 99 +3 99 94 - 104 0.0% aaa 
Approved by bd we, a pg. 3 of 
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Barringer Laboratories 
15000 W. 6th Avenue 
Suite 300 

Golden, CO 80401 
(303) 277-1687 


LGN: 344 

QUALITY CONTROL DATA SHEET (cont'd) 

QUALITY CONTROL STANDARDS (cont'd) 

Certified Acceptable Relative Deviation Spike % 
Parameter Result Result Target Range From Mean Recovery 
Uranium 33 34 32 - 36 209% --- 
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HERMIT MINE PREMINING GROUNDWATER QUALITY 
(Corrected 3/28/90) 


HERMIT MINE GRW PREMINING BASELINE(AMENDED,03-90)  28-MAR-90 08:06:43 Pg 1 


A B Cc D E F G H I 

1 PARAMETER, UNIT HR 012 HR 019 HR 025 HR 032 HER 041 PREMINING SAMPLE STANDARD MAXIMUM ACCEPTABLE 
2 04-28-88 06-29-88 09-29-88 12-23-88 05-31-89 SAMPLE MEAN DEVIATION VALUE 
3 ------------------ - + - - nn nn nn nn nn nn nn nn nn nn rere enn nnn nnn sn anes ennsesssscsa= 

4 As,mg/| 0.013 0.015 0.02 0.006 0.006 0.012 0.0060 0.0241 
5 Ba,mg/| 0.01 0.02 0.04 0.04 0 0.022 0.0179 0.0578 
6 Cd,mg/| 0 0.025 0 0 0 0.005 0.0112 0.0274 
7 Cu,mg/| 0.01 0.02 0.02 0.04 0.02 0.022 0.0110 0.0439 
8 Fe,mg/| 4.03 7.48 6.21 7.33 9.85 6.98 2.1157 11.2114 
9 Pb,mg/| 0 0.15 0 0 0 0.03 0.0671 0.1642 
10 Mn,mg/| 0.06 0.11 0.09 0.1 0.17 0.106 0.0404 0.1867 
11 Hg,ng/! 0.0011 0.0011 0.0003 0 0.0002 0.00054 0.0005 0.0016 
12 Se,mg/| 0.009 0 0.037 0.012 0.018 0.0152 0.0138 0.0428 
13 Ag,ng/| 0.01 0.02 0.02 0 0 0.01 0.0100 0.0300 
14 Zn,mg/| 0 0.118 0.07 0.136 0.015 0.0678 0.0603 0.1885 
15 U,mg/| 0.0025 0.0025 0.0022 0.0024 0.0029 0.0025 0.0003 0.0030 
16 Alk as CaC03,mg/! 159 155 157 157 159 157.4 1.6733 160.7466 
17 HCO3 as CaCO03 159 155 157 157 159 157.4 1.6733 160.7466 
18 C03,mg/| 0 0 0 0 0 0 0.0000 0.0000 
19 Ca,mg/| 585 577 494 533 546 547 36.5718 620.1437 
20 Cl,mg/| 43 41 42.3 40.1 39.6 41.2 1.4370 44.0740 
21 Cr,mg/| 0.1 0.15 0.13 0.01 0.01 0.08 0.0663 0.2127 
22 F,mg/| 1.47 1.39 1.32 1.41 1.26 1.37 0.0815 1.5331 
23 Mg,mg/| 183 192 169 177 187 181.6 8.9331 199. 4662 
24 P04,mg/| 0 0 0 0 0 0 0.0000 0.0000 
25 K,mg/| 25.3 24.4 19.4 21.6 25.7 23.28 2.6957 28.6715 
26 Si02,mg/! 13.6 12.8 11 12.6 12.1 12.42 0.9602 14.3404 
27 Na,ng/| 70.1 78.8 89.5 73.6 82 74.8 5.4649 85.7298 
28 S04,mg/| 2230 2240 2080 2220 2360 2226 99.3982 2424 .7964 
29 TDS,mg/| 3500 3450 3430 3430 3470 3456 29.6648 3515 .3296 
30 NO3 as N,mg/I 0.7 0 0 0 0 0.14 0.3130 0.7661 
31 Gross alpha, pCi/| 0 0 76 12 14 20.4 31.7616 83.9232 
32 Gross beta, pCi/| 31 27 38 30 39 33 5.2440 43.4881 
33 Th230, pCi/I 0 0.7 0.4 0.6 0 0.34 0.3286 0.9973 
34 Ra226,mg/| 3.5 2.6 0.4 2.1 1.2 1.96 1.2054 4.3708 
35 Electrical conductiv 3430 3210 3340 3440 3200 3324 115.4556 3554.9112 
36 umhos/cm 0.0000 
37 pH,units 8.02 7.2 7.4 7.59 7.5525 0.3500 8.2525 
38 TSS,mg/| 18 14 9 88 32.25 37.3486 106.9472 


EXHIBIT 3 
Premining Groundwater Inflow 


Pumping Record 
June, 1988 to May, 1989‘ 


Month GPM 
June 1988 129,600 
July 1988 432,000 
August 1988 302, 400 
September 1988 446, 400 
October 1988 535,700 
November 1988 505,440 
December 1988 580,320 
January 1989 631,656 
February 1989 486,085 
March 1989 522,946 
April 1989 350,788 
May 1989 526,910 


(1) Pumping rates estimated using pump capacity and hours of 


operation for 1988. A totalizing flow meter was installed 
in January, 1989 and used thereafter. 


EXHIBIT 4 


A PORTION OF THE REPORT 
"POTENTIAL IMPACTS OF MINING ON GROUND WATER RESOURCES" 


PREPARED BY CANONIE ENVIRONMENTAL SERVICES 
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2.0 NATURAL FACTORS RESTRICTING MINE SEEPAGE MIGRATION 


2.1 Physical Parameters 


At the Hermit Mine site, physical parameters are the primary mechanisms 
that will restrict migration of seepage from the mine workings and shaft. 
These parameters include the following: 


o Permeability - Permeability, in particular vertical permeability, is 
the most important factor because it is the primary mechanism that 
will control the rate and distance seepage may migrate into the under- 
lying strata. 


o Porosity - Porosity is a major factor which determines the magnitude 
of permeability and controls the amount of seepage that can be con- 
tained within the strata below the mine and shaft. 


o Specific Retention - Specific retention determines the amount of 
seepage that could be stored in the strata after the seepage has 
drained by gravity from the pores. 


These parameters were evaluated by laboratory testing and field observa- 
tion. Laboratory testing was conducted on core samples of Hermit Shale and 
of the breccia pipe from the Hermit deposit. The testing included air 
permeability, Klinkenberg permeability, porosity, and specific retention. 
The results of the laboratory testing are presented in Table 3 and a des- 
cription of laboratory test procedures is presented in Appendix B. 


Field observations included visits to two active mine sites and review of 
cores, geophysical, and lithological logs for the borings at the Hermit 
Mine site in May, 1987. The two mines visited were Kanab North and Pigeon. 
Figure 1 shows the location of these mines in relation to the Hermit Mine 
site. 


Canonielnvirc:::- 


2.1.] Permeabilit 


The permeability of the Hermit Shale and the breccia material was estimated 
in the laboratory using two procedures: air permeability and Klinkenberg 
permeability. The air permeability test is a common procedure used for 
evaluating rock samples. However, this provides an extremely conservative 
estimate of permeability. Actual liquid permeability would be lower than 
the calculated air permeability because of the higher viscosity of water 
compared to air. Since liquid permeability testing could not be conducted 
on the samples because the material was too impermeable to provide results, 
the Klinkenberg permeability test was conducted. 


The Klinkenberg permeability test also utilizes a gas, but the results of 
the procedure, which measures the amount of gas slippage, correlate with 
given values of liquid permeability (Freeman and Bush, 1981, and Aronofsky, 
1952). Even the Klinkenberg test may provide a conservative estimate of 
liquid permeability because the test does not account for chemical reac- 
tions between the rock and the liquid (Freeman and Bush, 1981). These 
reactions would further reduce the rate a fluid could migrate through a 
rock material. According to studies, the value of permeability using the 
Klinkenberg test may be 0.3 to 0.7 times higher than the actual liquid 
permeability (Freemand and Bush, 1981). 


Field observations and laboratory data both show that the Hermit Shale and 
breccia pipe material are essentially impermeable. The strata exposed in 
the two operating mines (i.e., the Pigeon and Kanab North) was very tight 
and dry. As shown in Table 3, laboratory-determined air permeabilities for 
core samples of the breccia pipe were approximately 10°8 cm/sec and for the 
Hermit Shale were 1079 cm/sec. These values are one to two orders of 
magnitude below the levels at which materials are commonly considered 
impermeable for hydrogeological and geotechnical engineering applications 
(Freeze and Cherry, 1979; Fetter, 1980; U.S. Dept. of Interior, 1981; Lambe 
and Whitman, 1969; Holtz and Kovacs, 1981; Sowers and Sowers, 1961). 
Furthermore, these values provide an extremely conservative estimate of 
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permeability since actual liquid permeability would be lower than calcu- 
lated air permeability because of the higher viscosity of water compared to 


air. 


The results of the Klinkenberg permeability testing, presented in Table 3, 
show that the estimated horizontal liquid permeability of the Hermit Shale 
was 19°10 cm/sec and the estimated vertical liquid permeability for the 
Hermit Shale were below the detection limit of the equipment, or at least 
197}! cm/sec. These estimated values may be lower depending on the effect 
of chemical reaction between the seepage and the rock. The vertical per- 
meability is the most important value because it will control the rate of 
vertical migration of any liquids from the bottom of the mine and shaft. 
This value of vertical permeability is closer to the range of values deter- 
mined in the laboratory for core samples from the Canyon Mine which aver- 
aged 8 x 107}! cm/sec for Hermit Shale and 4 x 1079 cm/sec for the breccia 
below the proposed depth of mining (Dames and Moore, 1987, after Core Lab). 


An estimate of the distance seepage is predicted to migrate was made based 
on the laboratory-derived estimate of permeability and the rate and volume 
of inflow estimated from the data collected at the Pigeon Mine and trends 
reported for the Hack Canyon and Kanab North mines. The evaluation used 
both the overly conservative vertical gas permeability of 10°78 cm/sec and 
the more realistic Klinkenberg permeability value of io")! cm/sec to brac- 
ket the possible range of distances over which the seepage would be ex- 
pected to migrate. The total volume of water (12 million gallons) avail- 
able for seepage was estimated, based on inflows of ten gpm for one year 
and two gpm for six years. 


Seepage migration was estimated using Darcy’s law where the rate of migra- 
tion is a function of the gradient and the permeability of the strata 
through which the fluid is migrating. Darcy’s Law is the most commonly 
used expression for estimating fluid flow through porous material. Appen- 
dix C presents a description of the equations used. 
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The calculations indicate that using a vertical permeability of 

1971! cm/sec and 1078 cm/sec, the seepage front could migrate a maximum 
distance of up to 0.07 feet below the shaft during the anticipated seven 
years of mine operation. These calculations provide a conservative es- 
timate of the time and location of the seepage front because it was assumed 
that the following conditions will exist: 


o All inflow to the mine will be ponded in the sump and will provide a 
constant source of water for seepage for the duration of operations. 
However, as demonstrated previously, the inflow to the mine and shaft 
is not expected to remain constant. Rather, it is expected to cease 
by the end of the operation. 


o Both Darcy’s Law and the vertical permeability value used are for 
saturated conditions. However, laboratory testing and visual observa- 
tion indicated that the Hermit Shale was only partially saturated. 
Since the permeability of a partially saturated material increases 
with increasing water content (Freeze and Cherry, 1979, and Fetter, 
1980), using the saturated permeability will result in higher in- 
filtration rates and greater estimated distance for seepage migration 
than with an unsaturated permeability value. 


After mining operations cease, all existing inflows to the shaft will be 
sealed with bentonite. Therefore, no additional inflow to the mine is 
expected. Since the source and driving head of seepage migration will be 
removed, further vertical migration of seepage will be due to gravity 
drainage of the seepage that has saturated less than one foot of the under- 
lying strata. 


However, if inflow to the mine or shaft continued after mining operations 
cease, the seepage would continue to migrate at a rate ranging from 0.2 
feet per year (using a conservative permeability of 10°8 cm/sec) to 2 x 
1074 feet per year (using a more realistic permeability of 107! 1 ¢m/sec) . 
At these rates, and assuming a constant source of seepage, seepage could 
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migrate the 1,600 feet to the top of the Redwall-Muav aquifer in a period 
ranging from an overly conservative estimate of eight thousand years to a 
more realistic estimate of eight million years. 


Fracture Permeabilit 


Small-scale fracture permeability was evident in the two operating mines 
within the breccia pipe. During drilling and blasting operations, par- 
tially open fractures were intersected and water seeped out of the frac- 
tures at an estimated rate of less than 0.1 gpm. Apparently, the fractures 
are hydraulically discontinuous, and seepage from the fractures generally 
ceases within a period of a week or a month. No fracture permeability was 
identified in the Hermit Shale outside the pipes. Review of the geophysi- 
cal and lithological logs and core from the Hermit Mine site indicated that 
this site will have similar small-scale fracture permeability to that seen 
in the two operating mines. 


Large-scale fracture permeability resulting from faulting is not expected 
at the Hermit Mine site. Review of the logs and core as well as discus- 
sions with the exploration drilling operator provided no evidence of large- 
scale fracturing/faulting that could be a conduit for seepage migration 
from the mine to the Redwall-Muav aquifer. If a large-scale fracture/fault 
was present, it would have been identified during exploration drilling 
because of the dense spacing of boreholes at the site. 


To evaluate the improbability of the presence of a large-scale fracture/ 
fault at the site, a set of hypothetical faults was superimposed on exist- 
ing site borehole information. The results of the evaluation show that 
only at two locations at the site are the borings spaced far enough apart 
that an almost vertical hypothetical fault or fracture would not be inter- 
sected by the borings. Figure 5 shows the locations of these two hypothe- 
tical features. Projection of a hypothetical fault/fracture plane from the 
ground surface traced along the alignment of Boring HU-536-025 (Fault A) 
and Boring HU-536-013 (Fault B) to the alignment of the bottom elevation of 
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the most distant boring (Boring HU-536-021 and Boring HU-536-011) indicates 
that two fault planes dipping at greater than 82° and 86° toward the south- 
west are the only features that would not be intersected by one of the 
exploration borings. Furthermore, these hypothetical faults would have to 
be oriented obliquely to the concentric fracture pattern within the breccia 
pipe structure evident from the surface geologic map presented on Figure 5. 


Additional supporting evidence which indicates that there are no large- 
scale fractures or faults intersecting the site is the water level and 
water quality data obtained from the pumping test conducted at the site in 
February, 1987. As discussed in Section 1.4, water levels inside and 
outside the pipe showed a 100- to 200-foot difference in elevation, and 
concentrations of radionuclides were significantly higher inside as com- 
pared with outside the pipe. Also, as discussed in Section 1.3, there is 
no evidence of faulting in terms of deformation or offset of bedding that 
might be attributed to major fault displacement. 


2.1.2 Porosity and Specific Retention 


Porosity 


The porosity of the Hermit Shale and the breccia material was estimated by 
laboratory testing. Table 3 shows the results of the testing and Appendix 
B presents the laboratory procedures. As expected, the Hermit Shale has a 
slightly lower porosity of five percent as compared to eight percent for 
the breccia material. These values are typical for impermeable shale and 
cemented rock materials (Freeze and Cherry, 1979; and Fetter, 1980). 


Specific Retention 


A percentage of the seepage which may saturate the strata below the mine 
and shaft will be retained in the pore spaces after gravity drains the free 
water. This water is held in the pore spaces of the rock by surface ten- 
sion and is called specific retention. The sum of the specific retention 


Canonielnvircnr- 


21 


and the water that drains due to gravity is equal to the porosity. Speci- 
fic retention increases with decreasing grain size because of the increased 
ratio of surface area to volume. Therefore, the specific retention of the 
Hermit Shale and the more silty portions of the breccia material are ex- 
pected to be at least half of the total porosity (Fetter, 1980). An es- 
timate of the specific retention of the Hermit Shale and the breccia mater- 
jal was made by conducting thermogravimetric analyses of core samples. The 
results are presented in Table 3 and the laboratory procedures are presen- 
ted in Appendix B. 


The results presented in Table 3 show that approximately 1.0 percent of the 
weight or 2.6 percent of the volume of the samples was pore water. Since 
the samples were visibly dry when tested, the water lost would represent 
water retained in the pores by specific retention. The actual value of 
specific retention is probably higher, but it is at least between three and 
eight percent of the total volume of the rock for the breccia and between 
three and five percent for the Hermit Shale. For the purpose of this 
evaluation, the specific retention was assumed to be half of the pore space 
that was not already filled with water or one percent of the total pore 
volume. 


Estimated migration of seepage after mining operations cease was calculated 
using a one-dimensional piston flow model assuming that all the water 
estimated to saturate up to 0.07 feet of shale below the shaft during 
mining would drain except that held by specific retention. The water that 
drains would then continue to migrate until the pore volume equal to the 
specific retention of the underlying unsaturated shale had been filled. At 
this point, further gravity drainage would cease. The results of the 
evaluation indicated that the seepage would migrate no more than an addi- 
tional 0.07 feet. 


In summary, the distance seepage is predicted to migrate beneath the sump 


during the seven years of mining operations is up to 0.07 feet, plus up to 
an additional 0.07 feet due to gravity drainage after mining operations 
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cease for a total maximum migration distance of less than 1.0 foot. If 
inflow to the mine were to remain constant after mining operations cease, 
the seepage could continue to migrate below the sump and mine. However, 
using the most realistic estimate of permeability of 107! om/sec, the rate 
of migration is estimated to be 2 x 1074 feet per year. Therefore, the 
seepage front would reach the Redwall-Muav aquifer in approximately eight 
million years. Even using the overly conservative permeability of 

1078 cm/sec, the seepage front would not reach the Redwall-Mauv aquifer for 
at least eight thousand years. 
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TABLE 3 


SUMMARY OF PHYSICAL PROPERTIES OF SAMPLES FROM 
BRECCIA PIPE AND HERMIT SHALE 


SAMPLE LOCATION BORING 023 BORING 023 HER-CH-001 HER-CH-001 
BRECCIA/1389' BRECCIA/1389' HERMIT/1000' HERMIT/1000' 
SAMPLE ORIENTATION HORIZONTAL VERTICAL HORIZONTAL VERTICAL 


PERMEABILITY TO AIR (md) 0.08 0.02 | <0.01 <0.01 
PERMEABILITY TO AIR (cm/s) (1) 8.0E-08 2.0E-08 <1.0E-08 <1.0E-08 
POROSITY (%) 8.9 8.1 5.6 - Sse 
PERMEABILITY (md) (2) (3) (3) 0.00021 (4) 
PERMEABILITY (cm/s) (1,2) (3) (3) 2.0E-10 * 
(DETERMINED BY KLINKENBERG ANALYSIS) 

WATER CONTENT BY WEIGHT (%) 1 - 1 ~ 
WATER CONTENT BY VOLUME (%) 2.6 2.6 


(DETERMINED BY THERMOGRAVIMETRIC ANALYSIS) 


(1) Conversion from milidarcies to cm/s, 1 md = 9.66E-07 cm/s. 
(2) Tested using equivalent overburden pressure of 1000 psi. 
(3) Sample disintegrated when tested. 

(4) Permeability below detection limit of equipment. 
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Shaft Water 
Monitoring Point 


Plate #1 
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Summary of Monitoring Results 
Hermit Mine Monitor Well 


(mg/1) 4/28/88 6/28/88 9/27/88 
(well) (shaft) 

Aléalinity 159 155 157 235 
as Caco3 

HCO3 as 159 L55 Loy 235 
Caco3 

CO3 as <1 <] <] <1 
Caco3 

NH4 (N) ude <.] Sod 
As -O13 2015 -020 ~045 
B «38 

Ba ~O1 ~02 204 ~02 
cd <.005 ©025 <.005 <.005 
Ca 585 577 494 570 
ea 43 41 42.3 30.1 
cr ~10 65 oL3 -09 
Condt. 3430 3210 3340 3350 
(umho/cm) 

Cu -O1 ~02 ~02 -019 
F 1.47 1.39 1.32 1» L6 
Fe 4.03 7.48 6.21 ~62 
ee 
Pb <.02 0.15 <.02 <.02 
Mg 183 192 169 Liz 
Mn - 06 el ~09 ~04 
Hg ~001] ~001] 0003 0005 
Mo ~05 

NO3 (N) a I 1 


pH (units) 8.02 6.54 y are 7.2 

; PO4 <.1 <.0O1 el <.1 

i" K 25.3 24.4 19.4 25.1 
Se -009 -006 037 ~017 

: $i02 13.6 12.8 1120 10.3 
Ag -O1 ~02 02 02 

i Na 70.1 78.8 69.5 7601 

i TDS 3500 3450 3430 3250 
TSS 18 14 <4 

| so4 2230 2240 2080 2040 
S03 Is only 1,000 in septic water which draws from <2 

R/M and in 1989 well sampling see page 1,184 

| an <.005 -118 -070 «O79 
Alpha (pCi/1) 0+19 0+16 76+25 13004100 

| How can alpha be 0 and beta 31 & 27? 
Beta " 31+12 27+10 38+11 490+20 

| Ra-226 " 3.5+0.7 2.6+0.6 0.4+0.2 150+10 
Ra-228 " 0.0+0.7 

[ Th-230 " 0.0+0.3 0.7+0.7 0.4+0.4 1.2+0.8 
Pb=-210 " 0.5+0.9 

ij Po-210 " 0.8+0.5 

i U(mg/1) 0.0025 0.0025 ~0022 ~0420 

i 

fF 

i 

i 

[ 
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energy fuels nuclear, inc. 


(303) 623-8317 
twx 910-931-2561 


one tabor center * suite 2500 
4200 seventeenth street * denver, colorado 80202 


June 10, 1987 


Ms. Carol Russell 

Water Permits Unit 

Arizona Department of Health Services 
‘State Health Building 

1740 West Adams Street 

Phoenix, Arizona 85007 


Re: Notice of Disposal Form - Hermit Mine 


Dear Ms. Russell: 


Please find enclosed the completed Notice of Disposal form 
and enclosures for the Hermit mine located in Mohave County, 
Arizona. Please note that the Hermit mine has been designated as 
a new facility for your permitting process. 


"TE you have any questions or require additional information, 
please feel free to contact me. 


Very truly yours, 


Environmental Engineer 


WJA: smm 
Enclosure 
cc: M. D. Vincelette, Energy Fuels 
= _._ B. L. Doores, Energy Fuels 
R. B. Smith, Energy Fuels 
. H. R. Roberts, Energy Fuels 
R. D. Hembree, Energy Fuels 


NOTICE OF DISPOSAL FORM 


1) @- FACILITY NAME: Hermit Mine 


b. FACILITY OWNER: Energy Fuels Nuclear, Inc. 


Gs NAME, TITLE, ADDRESS, AND TELEPHONE NUMBER OF CONTACT 
PERSON FOR FACILITY: 


NAME: William J. Almas 

TITLE: Environmental Coordinator 

MAILING ADDRESS: One Tabor Center, Suite 2500 
1200 Seventeenth Street 
Denver, Colorado 80202 


TELEPHONE NUMBER: (303) 623-8317 


d. ADDRESS AND TELEPHONE NUMBER OF FACILITY: 
MAILING ADDRESS: Energy Fuels Nuclear, Inc. 
P. O. Box 36 
Fredonia, Arizona 86022 
TELEPHONE NUMBER: (602) 643-7321 
e. FACILITY LOCATION INFORMATION: 
Twenty-one miles southwest of Fredonia, Arizona 
Mohave County, Arizona 
Township 38 West 138A) oe T3IN 
Range 4 West 
Section 17 W 1/2 SW 1/4 
z. DESCRIBE ACCESS TO FACILITY: 
From Fredonia, Arizona take Highway.389, 8.5 miles 
to Mt. Trumball Road; 14.2 miles south on Mt. 
Trumball Road to site access road and southeast 1.5 
miles to project site. 
&. LANDOWNER OF FACILITY SITE: 
U. S. Bureau of Land Management 


h. TYPE OF PERMIT YOU ARE APPLYING FOR: 
AREA PERMIT. INDIVIDUAL FACILITY PERMIT_X 
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» TYPE OF FACILITY REQUESTING PERMIT: 
NEW__X EXISTING 


‘os ATTACH A TOPOGRAPHIC MAP (PREFERABLY A 7.5 MINUTE 
QUADRANGLE BASE), SHOWING THE GEOGRAPHIC LOCATION OF THE 
FACILITY(S) AND ALL DISPOSAL LOCATIONS. IN ADDITION, 
SHOW THE LOCATION OF ANY EXISTING GROUND-WATER WITH- 
DRAWAL WELLS WITHIN THE APPROXIMATE VICINITY (1/4 MILE 
RADIUS) OF THE DISPOSAL AREA AND IDENTIFY THE USE OF 
EACH WELL (I.E. INDUSTRIAL WELLS, DRINKING WATER SUPPLY 
WELLS, ETC.). CIF APPLYING FOR AN AREA PERMIT AS 
DESCRIBED IN R9-20-211, INDICATE ON THE MAP THE LOCATION 
OF EACH FACILITY AND DISPOSAL LOCATION IN THE PROPOSED 
PERMITTED AREA). 


Refer to Plates 1 and 2 of the "Plan of Operations" 
for location of the facility. The only known 
ground-water well within 1/4 mile of the facility 
is located within the operations area of the 


proposed mine. The well was an exploration 
borehole which was completed as a stock well when 
water was encountered. The well is located near 


the Hermit breccia pipe, but not within it. This 
well was drilled and completed by Energy Fuels 
Nuclear in August, 1982. The well has a piston 
pump installed at the 480 foot level. The source 
of this water appears to be the saturated zone 
existing in the Toroweap limestone. The well 
produces approximately 2 gpm on an intermittant 
basis, and presently supplies a stock watering 
tank. The well has the registration number 55- 
503919. 


Upon commencement of site preparation and shaft 
sinking operations, use of the well will be 
discontinued, the stock watering tank removed and 
the well capped and abandoned. 


b. LIST LATITUDE/LONGITUDE OF ALL DISPOSAL LOCATIONS 
INDICATED ON THE ATTACHED MAP: 


LATITUDE: 112° 45’ 04" N 
LONGITUDE: 36° 41’ 23" W 
Be Bs TYPE OF FACILITY(s): Underground uranium mine 
b. NATURE OF ACTIVITY CONDUCTED AT FACILITY (Cs) : 


Production of uranium ore from the underground 
mine. 
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Cc. DESCRIBE EXISTING GROUND WATER USE(s) OF THE RECEIVING 
AQUIFER Cs) : 


Based upon extensive drilling and interpretation of 
geologic log information, two locally saturated 
zones are thought to exist between the ground 
surface and the base of mine workings. The 
Redwall-Mauv Formation is approximately 1,000 feet 
below the lowest extent of mine workings and is the 
only known regional aquifer in the vicinity of the 
proposed mine workings. Refer to Section 3.3.2 of 
the Dames & Moore "Ground-Water Conditions" report 
for further details. 


A water supply well will be completed at the time 
surface site preparation commences. The water 
supply well to be drilled at the Hermit site has 
been assigned the registration number of 55-517832. 
The well will be constructed in the following 
manner: the surface casing will consist of twenty- 
two feet of 11 3/4 inch steel casing grouted in 
place inai4 3/4 inch diameter hole. A 10 5/8 
inch bit will then be used to deepen the hole to a 
depth of 975 feet or 40 feet into the Hermit shale. 
This portion of the hole will be cased with 976 
feet of 8 5/8 inch steel casing. A 7 7/8 inch bit 
will then be used to deepen the hole to an 
estimated total depth of 2,800 feet, or 
approximately 100 feet into the Redwall limestone 


aquifer. The water production anticipated from 
this aquifer is expected to range from 5 to 15 
gallons per minute. The formations and their 


respective thicknesses, which will be penetrated by 
the well are, in descending order: Moenkopi-260 
feet, Kaibab Limestone Formation-342 feet, Toroweap 
Formation-311 feet, Coconino Sandstone-29 feet, 
Hermit Shale-650 feet, Supai Group-1,100 feet and 
Redwall Limestone-100 feet. 


a. LIST APPLICABLE U. S. DEPARTMENT OF COMMERCE STANDARD 
INDUSTRIAL CLASSIFICATION (SIC) CODES FOR ABOVE 
ACTIVITIES : 


Division B 1094 


4. DATE FACILITY BEGAN/WILL BEGIN OPERATING: June, 1987 


Site work is proposed to commence in June of 1987. 
Shaft sinking will commence in October, 1987. Ground 
water is anticipated to be encountered March 1, 1988. 


5. EXPECTED FACILITY (s) OPERATIONAL LIFETIME: Through 1997 
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Y 


OTHER ENVIRONMENTAL PERMITS ISSUED TO THE 


FACILITY(s) (I.E. AIR QUALITY PERMIT, NPDES PERMIT, HAZARDOUS 
WASTE PERMIT) 


Request for Approval to Construct an Underground Uranium 


Mine 


will be made to the U. S. Environmental Protection 


Agency (EPA) pursuant to 40 CFR Part 61. 


Ts Bs DESCRIBE DISPOSAL ACTIVITIES AT THE FACILITY (s): 


Mine water and surface runoff from the operations 
area will be collected in lined surface 
impoundments. Refer to the attached "Plan of 
Operations", February, 1987 for a more detailed 
description of activities through the life of mine. 


b. DESCRIBE ANY CONTROL MEASURES AND TREATMENT PROCESSES 
DESIGNED AND OPERATED TO PROTECT GROUND-WATER QUALITY 


FROM 


EFFECTS OF THE DISPOSAL: 


The surface impoundments will be lined with 36 mil 
hypolon. The impoundments will be designed to hold 
the volume of runoff from the operations resulting 
from at least the 100-year/24-hour event, water 
pumped from the mine and a five-year storage volume 
for sediment. Refer to the attached Dames & Moore 
"Hydrologic Evaluations for the Proposed Hermit 
Uranium Mine", February 1987. 


A water supply well will be completed at the time 
surface site preparation commences. This well will 
be completed in the Redwall-Mauv limestone. The 
Redwall-Mauv is approximately 1,000 feet below the 
lowest extent of mine workings and is the only 
known regional aquifer in the vicinity of the 
proposed mine workings. 


OF DEPTH TO GROUND WATER: 
OF MEASUREMENT: 


The stock watering well previously mentioned in 
Section 2a above was completed by Energy Fuels 
Nuclear as an exploration borehole on August 5, 
1982. The borehole has a total depth of 690 feet. 
The borehole penetrates the Moenkopi, Kaibab and 
Toroweap Formations and is located outside the 
breccia pipe. Based upon drill log interpretation 
and observation during drilling, a local saturated 
zone apparently exists within the Toroweap at a 
depth of 602 to 680 feet below ground surface. 
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ENTER IN APPENDIX A - PART I THE AMBIENT GROUND-WATER 
CONCENTRATIONS OF THE RECEIVING AQUIFER(s) FOR THOSE 
CONSTITUENTS LISTED THAT ARE CONTAINED IN THE DISPOSAL. 
INDICATE SOURCE OF DATA AND DATE OF SAMPLING FOR ALL 
VALUES LISTED. 


The Redwall-Mauv formation is the only known 
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Also attached as Exhibits 


IDENTIFY THE TYPE(s) OF WASTE(s) GENERATED BY EACH 
PROCESS WITHIN THE FACILITY. BE AS DESCRIPTIVE AS 
POSSIBLE WITHOUT LISTING SPECIFIC CONSTITUENTS: 


No discharge to surface or ground water will occur. 
Water will be intermittently pumped from under- 
ground workings to one or more lined surface 
impoundments, where it will be allowed to evaporate 
or be reused in connection with mining activities. 
The water will consist of unaltered ground water 
and surface runoff. No chemical processing of ore 
will occur on-site. 


s se 
. 


b: CHECK OF LIST IN APPENDIX A - PART II OF THE SPECIFIC 
POLLUTANTS DISPOSED BY THE FACILITY. INCLUDE THOSE 
DISPOSED MATERIALS THAT ARE LISTED IN TABLES I AND II OF 
THIS DOCUMENT IN TITLE 40 CODE OF FEDERAL REGULATIONS 
PART 261, OR ANY OTHER CONSTITUENT CONTAINED IN THE 
DISPOSED WASTE STREAM. 


N/A - Unaltered ground water containing some 
suspended material. 


Cc. ENTER IN APPENDIX A - PART II THE MAXIMUM DISPOSAL 
CONCENTRATION OF THOSE CONSTITUENTS YOU CHECKED OR 
LISTED, AS REQUIRED BY 8b. INDICATE THE DATE OF 
SAMPLING IN PARENTHESIS NEXT TO THE SAMPLE VALUE AND THE 
SOURCE OF THE DATA AT THE BOTTOM OF PAGE THREE IN 
APPENDIX A. 


N/A - Unaltered ground water containing some 
suspended material. 


d. ESTIMATE THE DISPOSAL SCHEDULE INCLUDING THE ANNUAL 
AVERAGE IN HOURS PER DAY, DAYS PER YEAR, AND THE 
DISPOSAL PERIODS IF THE DISPOSAL IS SEASONAL. 


HOURS/DAY: No discharge 
DAYS/YEAR: N/A 
SEASONAL DISTRIBUTION OF DISPOSAL: N/A 


e. ESTIMATE THE FLOW RATE(s) OF THE DISPOSAL (I.E. MINIMUM, 
AVERAGE, AND MAXIMUM DAILY FLOW; MEAN ANNUAL FLOW; OR 
MEAN, MINIMUM, AND MAXIMUM FLOW BY SEASON IF DISPOSAL IS 
PERIODIC; OR BY WHATEVER OTHER UNITS APPROPRIATE TO THE 
TYPE OF DISPOSAL: 


N/A 


9. DESCRIBE ANY EXISTING GROUND-WATER QUALITY MONITORING 
PROGRAM(Cs) CATTACHED SUPPORTING TECHNICAL REPORTS IF AVAIL- 
ABLE) : 


There is no ongoing monitoring program. Ambient water 
quality analysis for two boreholes are attached. Water 
quality for the existing stock well located on-site is 
presented in the Dames & Moore "Ground Water Conditions" 
report as Hunt #5, along with a discussion of ground- 
water quality. 


10. INCLUDE ANY OTHER DATA OR INFORMATION WHICH, IN THE JUDGMENT 
OF THE OWNER/OPERATOR, DEMONSTRATES THAT THE FACILITY QUALI- 
FIES FOR A GROUND-WATER QUALITY PROTECTION PERMIT BASED ON 
COMPLIANCE WITH THE CRITERIA LISTED IN 49-20-208.A. USE 
ATTACHMENTS IF APPLICABLE (I.E. DEPTH TO GROUND WATER, 
GEOLOGY AT THE SITE). 
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11. CERTIFICATION: 


"I CERTIFY THAT UNDER PENALTY OF LAW THAT I HAVE PERSON- 
ALLY EXAMINED AND AM FAMILIAR WITH THE INFORMATION 
SUBMITTED IN THIS DOCUMENT AND ALL ATTACHMENTS AND THAT, 
BASED ON MY INQUIRY OF THOSE INDIVIDUALS IMMEDIATELY 
RESPONSIBLE FOR OBTAINING THE INFORMATION, I BELIEVE 
THAT THE INFORMATION IS TRUE, ACCURATE, AND COMPLETE. I 
AM AWARE THAT THERE ARE SIGNIFICANT PENALTIES FOR 
SUBMITTING FALSE INFORMATION, INCLUDING THE POSSIBILITY 
OF FINE AND IMPRISONMENT." 


MURIL D. VINCELETTE 
Printed Name of Applicant 


JUNE 10, 


VICE PRESIDENT, OPERATIONS 
Title 


1987 


Date Application Signed 


ca 


Signature of Applicant 


am) 


ELETTE 
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EXHIBIT #1 


18000 W. 6TH AVE., SUITE 300 
GOLDEN, COLORADO 80401 
PHONE: (303) 277-1687 


1455 DEMING WAY, SUITE 16 
SPARKS, NEVADA 8943) 


: PHONE: (702) 358-1158 
— yuels Nuclear, Inc. 
Tabor Center, Suite 2500 
1200 Seventeenth Street 
ver, CO 80202 
ATTN; William J. Almas 
Bosent No. Log No. 6539 Client PO No. 
Sample Type: water 
te Collected: 2/12/87 - Date Received: 2/16/87 Date Reported: 3/31/87 
. Sample As Ba Cd Ca Cr 
Identification ‘+ mg/1 mg/1 mg/1 mg/1 mg/1 
B nice HU 536-024 0.008 <0.1 0.002 - 544 0.02 
inside breccia pipe . 
Cu Fe Pb Mg Mn 
mg/1 mg/1 mg/1 mg/1 ng/1 


0.02 22.7. Text 0.008 219 0.72 


Hg Mo K Ag Se 
ng/1 ng/1 ng/1 mg/l mg/1 


<0.0002 0.2 46.2 O.0r - 0.002 
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18000 W. 6TH AVE.. SUITE 300 
GOLDEN, COLORADO BOAO 


Ne PHONE: (303) 277-1687 
BARRI GER LAB ORATORIES INC. 1458 DEMING WAY, SUITE 15 
SPARKS, NEVADA 60431 
PHONE: (702) 368-1168 
fece Fuels Nuclear, Inc. 
e Tabor Center, Suite 2500 
1200 Seventeenth Street 
enver, CO 80202 
ATTN: William J. Almas 
fin: 6539 
i Sample $0, . TDS TSS Specific Conductance 
dentification mg/1 mg/1 mg/1 umho/cm 
fe HU 536-024 2300 4120 87 3950 
P é ; 
Phenols Turbidity as N s Dissolved 
i mg/1 JTU mg/1 mg/1- mg/1 
<0.01 2 .0.4 <0.1 0.264 
| U Gross Alpha Gross Beta Th 230 
Suspended pCci/1 pCci/1 pci/1 
mg/1 +Precision* +Precision* +Precision* 
g 0.0106 750 + 70 390 + 20 1.3 + 0.9 
| Ra 226 Pb 210 Po 210 Ra 228 
pci/1 pci/1 pCi/1 : pci/1l 
+Precision* +Precision* +Precision* +Precision* 
' 300 + 10 104 + 2 5.9 £ 1k 1.5‘ 1.0 


* Variability of the radioactive disintegration process 
(counting error) at the 95% confidence level, 20 


rf - 
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i: : EXHIBIT #2 


i BARRINGER LABORATORIES INC. 


Pee Fuels Nuclear, Inc. 
e Tabor Center, Suite 2500 


1200 Seventeenth Street 
ia CO 80202 


ATIN: William J. Almas 


Bisent No. Log No. 6568 
Sample Type: water 
ate Collected: . Date Received: 
us Sample As Ba 
dentification mg/1 mg/1 
re HU 536-031 #1 0.004 <O.1 


outside of pipe 


mg/1 mg/1 
0.01 29.0 
Hg Mo 
mg/1 mg/1 
<0.0002 <0.1 
Na Zn 
mg/1 mg/1 
67.4 0.131 


Cl Specific Conduc 
ng/1 umho/ cm 
26 . 4180 


SD 7ANCED TECHNIQUES AND INSTRUMEN 


a] 16000 W. 6TH AVE. SUITE 300 
GOLDEN, COLORADO 80401 
PHONE: (303) 277-1687 


1466 DEMING WAY, SUITE 16 
SPARKS, NEVADA 69431 
PHONE: (702) 368-1158 


Client PO No. 


2/27/87 Date Reported: 3/31/87 

Cd Ca Cr 
mg/1 mg/1 mg/1 
0.001 547 0.02 

Pb Mg Mn 
ng/1 mg/1 mg/1 
0.002 185 0.74 

K Se Ag 
mg/1 mg/1 mg/1 
23:67 0.002 0.01 

co, HCO., 

as caco, as Caco, B 
mg/1 mg/1 ng/1 
<1 40 0.46 


. . NO. 

tance CN F as N 
ng/1 mg/1 mg/1- 

<0.001 1.47 0.13 
Page 1 of 2 


FATION $98 THE EARTH SC En ces 


16000 W. 6TH AVE., SUITE 300 
‘. GOLDEN, COLORADO = 80401 
PHONE: (303) 277-1687 


BARRINGER LABORATORIES INC. 


1486 DEMING WAY, SUITE 16 
SPARKS, NEVAOA 69431 


PHONE: (702) 368-1158 
Energy Fuels Nuclear, Inc. 
e Tabor Center, Suite 2500 
200 Seventeenth Street 
Denver, CO 80202 
| ne Bill Almas 
~ 6568 
Sample pH TDS TSS SO, Ss 
Identification units mg/1 mg/1 ng/1 mg/1 
ermit HU 536-031 #1 7.43 3350 84 2140 <1 
NH, U U 
Phenols Turbidity as N. Dissolved Suspended 
F ng/1 JTU mg/1 mg/1 mg/1 
i <0.01 2 0.30 0.0215 0.0031 
§ Gross Alpha ” Gross Beta — Th 230 Ra 226 
pci/1l pci/l pCci/1 pci/l 
+Precision* "  +Precision* +Precision* +Precision* 
230. + 30 92 + 13 Oeh & 152 53 2-2 
Pb 210 Po 210 Ra 228 
pci/1 pci/1 pci/1 
+Precision* +Precision* +Precision* 
6.5 & 2.1 0.2 + 0.6 0.8 + 0.9 


* Variability of the radioactive disinegration process 
(counting error) at the 95% confidence level, 20 
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HERMIT MINE /2O277 
GROUND-WATER CONDITIONS 
MOHAVE COUNTY, ARIZONA 

FOR 
ENERGY FUELS NUCLEAR, INC. 
DENVER, COLORADO 


Dames & Moore 


a 


Prepared By: 
DAMES & MOORE 

alt 1626 Cole Boulevard 
Golden, Colorado 80401 
(303) 232-6262 


March 20, 1987 


Dames & Moore 1626 Cole Boulevard 


— Golden, Colorado 80401 


SF | (303) 232-6262 


TELEX: 3720401 Cable Address: DAMEMORE 


March 20, 1987 


Energy Fuels Nuclear, Inc. 
One Tabor Center, Suite 2500 
1200-17th Street 
Denver, Colorado 80202 
Attention: Mr. William J. Almas 
Re: Hermit Mine 


Ground-Water Conditions 
Mohave County, Arizona 


Gentlemen: 


We are pleased to submit our report on Ground-Water Conditions at the 
Hermit Mine. 


We would be pleased to discuss the report with you and to respond to any 
questions or comments you may have. 


Very truly yours, 

DAMES & MOORE 

Richard L. Harlan e 

Associate/Senior Hydrogeologist 
RLH:djb 
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SUMMARY AND CONCLUSIONS 


The Hermit Mine is a proposed underground uranium mine, located 
approximately 22 miles south-southwest of the town of Fredonia in Mohave 
County, Arizona. The mineralized zone to be mined is within a collapse 
breccia pipe which will be accessed by a 1,100 foot vertical shaft to be 
located outside the ore body, and by extending horizontal drifts into the 


ore body. 


The mine site is located on the Kanab Plateau which is part of the 
Grand Canyon section of the Colorado Plateau physiographic province. This 
section of the Colorado Plateau is characterized by flat to gently-sloping 
plateaus and mesas abruptly dissected by deep canyons. Geologically, the 
region as a whole is characterized by a thick sequence of flat to gently- 
dipping sedimentary rocks. In the Grand Canyon area, the sedimentary 
sequence ranges from about 3,500 to 4,500 feet thick and overlies highly- 


deformed Precambrian sedimentary, metamorphic, and igneous rocks. 


Throughout much of the Colorado Plateau, the regional ground-water 
table is deep and controlled largely by the elevation of the Colorado River 
and its major tributaries which are deeply incised. In the vicinity of the 
Hermit Mine, the regional water table is at a depth greater than 2,000 feet 


and approximately 1,000 feet below the proposed depth of mining. 


atin 


Perched ground-water conditions occur locally within the sedimentary 
sequence above the regional water table. These perched aquifers, however, 
are typically discontinuous and frequently not capable of being produced on 
a sustained-yield basis due to the low rates of natural ground-water 


recharge and their limited lateral extent. 


At the Hermit Mine site, perched ground-water conditions have been 
identified during exploratory drilling within the Coconino sandstone 
immediately above its contact with the underlying Hermit shale and within 
the Toroweap limestone. Other perched ground-water zones also may be 
anticipated to occur as isolated or discontinuous lenses within the 
Toroweap and Kaibab limestones. These perched zones may yield small 
quantities of water to the mine workings as they are penetrated. The 
experience at the Hack Canyon and Pigeon Mines, which are located in the 
same general area, has been that rates of ground-water inflow to the mine 
workings decrease with time and generally cease within a period of several 
months. Parametric studies have further shown that based on the observed 
rates of ground-water inflow at the Hack Canyon and Pigeon Mines, the 
"effective" radius of influence as a result of drainage into the mine 


workings will be small and is typically less than a few thousand feet. 


The mine plan for the Hermit Mine calls for extraction of uranium ore 
from an approximate 600-foot vertical zone within the breccia pipe. The 
final depth of mining, however, will be nearly 1,000 feet above the 
regional ground-water table which is within the Redwall-Muav limestone 


aquifer. The Redwall-Muav aquifer is the upper-most aquifer of regional 


importance capable of providing a continuous water supply of even a few 
gallons per minute. Following cessation of mining, the rate of ground- 
water inflow to the mine workings will depend on the hydraulic transmission 
and storage characteristics of the overlying strata and the rate of natural 
ground-water recharge. As the mine working will be above the regional 
ground-water table, continued inflow and partial filling of the mine would 
result in a potential for downward percolation and recharge to the 
underlying strata and the Redwall-Muav aquifer system. Although a 
potential exists for downward water migration, the likelihood of 
Significant downward flow is extremely small due to the extensive and 
complete recementation of the breccia pipe during and following 
mineralization. Visual observations within both the Hack Canyon and Pigeon 
Mines have shown the absence of open fractures or joints within the pipe 
and that essentially all of the voids within the rubblized collapse zone 
have been filled with a fine-grained matrix comprised mainly of carbon- 
aceous materials. As a result, the breccia pipe and the area immediately 
surrounding the pipe are effectively impermeable. This has been confirmed 
by laboratory tests on core samples from the Canyon Mine prospect. 
Laboratory tests on rock core samples from the breccia pipe at the Canyon 
Mine prospect, which is located on the South Rim of the Grand Canyon, 
indicates that the hydraulic conductivities of the rock mass within and 


-8 em/sec. This is consistent with 


adjacent to the pipe is less than 1 x 10 
observed conditions in operating mines on the North Rim, specifically the 


Hack Canyon and Pigeon Mines. 


aS 


Because of the physical separation between the bottom of the mine and 
the regional water-table and the potential ameliorating effects of the 
intervening argillaceous strata, no measurable effects on ground-water 
quality or quantity are expected to occur as a result of the mining 


activities. 


1.0 INTRODUCTION 


The Hermit Mine is a proposed underground uranium mine. The ore 
deposit is located within a breccia pipe which was located in 1985 and 
confirmed by exploratory drilling by Energy Fuels Nuclear, Inc. (EFN) . The 
site is located on unpatented lode mining claims, approximately 22 miles 
south-southwest of the town of Fredonia in Mohave County, Arizona (Section 


17, Township 39 North, Range 4 West, Gila and Salt River Meridian). 


In this report, existing geologic and ground-water conditions in the 
Hermit Mine area are addressed. A discussion is also presented on the 
hydrogeological characteristics of other breccia pipe mines in the general 
vicinity and the potential hydrogeological impacts as a result of the 


proposed mining activities. 


2.0 PROJECT DESCRIPTION 


The Hermit Deposit is a uranium ore deposit located within and 
immediately adjacent to a collapse breccia pipe. The deposit will be mined 
by sinking a vertical shaft approximately 1,100 feet below the existing 
ground surface. The shaft will be located adjacent to but outside of the 
zone of mineralization. The deposit will be mined by extending horizontal 
drifts into the ore body and mining out the mineralized core of the breccia 


pipe. 


Surface facilities at the mine site will include the headframe, 
combined hoist, compressor, warehouse and maintenance building and 
office/mine dry facility. A one-and-a-half mile access road will be 
constructed to connect the mine site with the existing Mount Trumbull 
Road. The proposed physical layout of the surface facilities at the Hermit 


Mine site is shown on Figure 1. 


The uranium ore produced by the mine will be temporarily stored in a 
lined area at the mine site and trucked to an existing mill at Blanding, 


Utah. No ore processing will be carried out at the mine site. 


Plans call for the completion of a water well into the Redwall-Muav 
aquifer to supply the water requirements for both mining operations and 
Sanitary purposes. The proposed depth of the water-supply well to be 


located onsite is 2,800 to 3,000 feet. 
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3.0 HYDROGEOLOGICAL SETTING 


3.1 Location, Physiography, and Climate 


The Hermit Mine is situated on the Kanab Plateau which is part of the 
so-called "Arizona Strip". The Arizona Strip includes that portion of 
northwestern Arizona north and west of the Grand Canyon and the Colorado 


River, including the North Rim of the Grand Canyon. 


The Grand Canyon of the Colorado River lies within the Colorado Plateau 
physiographic province. The Colorado Plateau extends over an area of some 
130,000 square miles including all of the Arizona Strip. The Grand Canyon 
section of the Colorado Plateau is characterized by flat to gently-sloping 
plateaus and mesas abruptly dissected by deep canyons. Geologically, the 
region as a whole is characterized by a thick sequence of flat to gently- 
dipping sedimentary rocks. The mine site itself is flat to gently sloping 


with maximum relief in the area on the order of 80 feet. 


The Hermit Mine site is located near the headwaters of Bulrush 
Canyon. Bulrush Canyon is a tributary to Kanab Creek which in turn is a 
tributary to the Colorado River. Kanab Creek has the lowest yield per unit 
area of the tributaries to the Colorado River in the Grand Canyon area with 
no measurable flow for several months of each year at its confluence with 


Bulrush Creek. 


Xe 


Vegetation within the Hermit Mine area consists mainly of grasses and 
sagebrush. Typically the density of the vegetative cover is less than 


about 50 percent. 


The regional climate is semi-arid to arid and is continental, typified 
by cool winters and warm summers, and light precipitation (less than 15 


inches per year). 


Precipitation in the Grand Canyon area is dependent on elevation and 
geographic location. Elevational effects can be illustrated by comparing 
the mean annual precipitation on the South Rim, at Phantom Ranch, and on 
the North Rim (Table 1). These three locations lie roughly on a straight 
line, approximately 13 miles long. For the period 1951 to 1980, the South 
Rim at elevation 6,970 feet received an average annual rainfall of 14.6 
inches; Phantom Ranch at 2,570 feet received an average of only 8.7 inches, 
and the North Rim at 8,400 feet received 25.5 inches. The importance of 
geographic location is illustrated by comparing average annual 
precipitation on the South Rim and at Desert View, 18 miles to the east. 
For the 21-year period 1961 to 1982, the South Rim averaged 15.5 inches 
annually compared to Desert View which is on the same plateau, which 


received an average of 13.0 inches. 


TABLE 1 


AVERAGE MONTHLY PRECIPITATION AT GRAND CANYON AREA LOCATIONS 


Elevation (ft) JAN FEB MAR APR MAY JUNE JULY AUG SEPT OCT NOV DEC YEAR 


South Rim! 6,785 1.49 1.26 1.61 0.92 0.62 0.58 1.49 1.96 1.07 1.20 1.01 1.45 14.65 
Desert View* 7,400 1.16 1.08 1.54 0.75 0.71 0.28 1.29 1.53 1.04 1.43 0.97 1.54 13.32 
Phantom Ranch! 2,570 0.85 0.65 0.92 0.46 0.36 0.35 0.82 1.20 0.76 0.82 0.74 0.78 8.69 
North Rim! 8,400 W.43 2.82 3.69 1.57 1.00 0.68 1.95 2.37 1.33 1.61 1.48 2.55 25.47 L 
Mt. Trumbul13 5.600 0.78 0.62 0.81 0.56 0.52 0.48 1.72 1.89 0.98 0.74 0.72 0.83 10.63 v 
Lees Ferry! 3,210 0.43 0.34 0.51 0.38 0.33 0.23 0.83 0.86 0.50 0.60 0.53 O.46 5.99 
Supai4 3,205 0.65 0.69 0.85 0.38 0.42 0.28 1.10 1.41 0.63 0.64 0.77 0.67 8.48 
Pierce Ferry? 3,860 0.90 1.00 1.37 0.79 0.53 0.35 0.88 1.52 0.78 0.61 1.06 0.95 10.73 
Tuweep |! 4,775 1.23 0.99 1.26 0.67 0.56 0.47 1.39 1.71 0.85 0.86 0.87 1.24 12.08 


Period of Record 1951-1980 
Period of Record 1960-1982 
Period of Record 1948-1977, station now closed 
Period of Record 1956-1982 
Period of Record 1963-1982 


MWMewn 


Notes: Station title of north rim is Bright Angel RS. There are many gaps in the record for the north rim. 
Station title at south rim is Grand Canyon NP 2. Complete title for Pierce Ferry 17 SSW. 
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Practically all of the winter precipitation on the North and South Rims 
of the Grand Canyon occurs as snow. On the Coconino Plateau, south of the 
Grand Canyon, snow usually melts shortly after it falls, while on the 
Kaibab Plateau on the north side, much of the snow accumulates until spring 
when melting snow and rainfall recharge the underlying ground-water system 
and contribute to high seasonal runoff. The high seasonal runoff in 
combination with the rapid runoff during summer high-intensity, short- 
duration rainfall events effectively limits the amount of precipitation 


available for ground-water recharge within Kaibab Plateau. 
3.2 Regional Geology 


The Kaibab Plateau, on which the Hermit Mine prospect is located, is 
underlain by a thick sequence of horizontal to gently dipping Paleozoic 
rocks (570 to 225 million years before present). The sedimentary sequence, 
Which is exposed in the walls of the Grand Canyon, ranges from about 3,500 
to 4,500 feet thick and overlies highly-deformed Precambrian (older than 
570 million years before present) sedimentary, metamorphic, and igneous 
rocks. The Precambrian rocks form the basement complex which for practical 
purposes constitute the lower limit of ground-water occurrence and movement 
(National Park Service, 1984). While some ground water undoubtedly occurs 
within the Precambrian, the quantities and its significance are small 


compared to those within the overlying sedimentary strata. 


«12 


3.2.1 Stratigraphy 
) 


The generalized stratigraphy in the Hermit Mine site area is shown on 
Figure 2 and discussed below. Section 3.2.2 addresses the structural 
geology; Section 3.2.3 describes the occurrence and nature of breccia 
pipes, within the Colorado Plateau and their hydrogeological character- 


ization. 


In the Hermit Mine site area, the uppermost formation is the Moenkopi 
of Triassic age. The Moenkopi consists of red siltstone and claystone 
Which outcrop directly at the surface or underlie the surface at a shallow 
depth. 
feet in thickness. —_ —— 

GEESE & 


The Moenkopi is underlain by the Kaibab and Toroweap limestones. These 


Where is the moenkopi in the walls of the Grand Canyon? 


formations dip gently to the north and are exposed in the walls of the 
Grand Canyon. In the Hermit Mine area, the aggregate thickness of the 
Kaibab and Toroweap Formations is 600 to 800 feet. In the vicinity of the 
Hack Canyon and Pigeon Mines, the Toroweap Formation consists of a basal 
unit of sandstone and shale approximately 30 feet thick (Seligman Member), 
a 210-foot thick middle unit of fossiliferous grey limestone (Brady Canyon 
Member), and an upper, slope-forming unit of about 160 feet of gypsiferous 


shale and siltstone (Woods Ranch Member). 


ENERGY Fuel 


s19= 
BASALT (Miocene to Pleistocene) Min 
MOENKOP! FORMATION (Triassic) 0-600' Se 
KAIBAB LIMESTONE (Permian) 400'-510' SS 
ro 
[™ | 
2 on 
Slee on lett 
TOROWEAP FORMATION (Permian) 285'-400' === a \ 
fe thro 
om Ue ee ee Fee |e ee ee 
_ ae ee a a So a I 
COCONINO SANDSTONE (Permian) 0-350 PF PV 5 
eee i 
HERMIT SHALE (Permian) 225'-1180 A Ee 
a es 
hom 
Pum =_=. 


ESPLANADE 5 | came A SRT EER 
SUPAI GROUP SANDSTONE [RS 00-500 


mu 


wascoant ee eee ae 


(Pennsylvanian MANAKACHA & == a __ 


we — 
i 


and Permian =———— 
) FORMATIONS = le ——— 
. a Gan Dali Wal am ROD Hm teas cau ma a oO OO = 

REDWALL LIMESTONE ‘ad Soa Se me | AS OS ae oe 
i ith hl & eS a a a A a Te ne ee ae a , 
(Mississippian) a LY TS Aa ee me <a mm eS i 
(ea Se cw Se aie ER) ae a TS cs See eRe 

i ine eat ot i to 

ee tt 

ss SS A S , (N  S F  S 
Devonian —, | | ona) a (a Had =e tse 0-300 
MUAV LIMESTONE (Cambrian) ee Se ee eS a ae er | 
BRIGHT ANGEL SHALE cee neaianigenes, weemennnianenete _Seamereticcemeen, _feaceeneceatent ‘emer 
(Cambrian) SS EEE 350'-650' 


TAPEATS SANDSTONEZ-. 


(CAMBRIAN) 225" 
/ 
m Seow UNKAR AND Younger 
ss a Se ~ CHUAR Precambrian 
ZORASTER GRANITICS ) (> GROUPS (7900's) 
ATRINITY AND ELVES \ aie 


\~ VISHNU GROUP %, 
“XN 


‘“ 
SOURCES: 
- DEPT. OF INTERIOR, 1976, DRAFT ENVIRONMENTAL STATEMENT, GRAND CANYON 
- NUEXCO, REPORT 176, APRIL, 1983 


Arizona Strip District 
Generalized Stratigraphy 


ey 


Dames & Moore 


Figure 2 


~14- 


The Kaibab Formation consists of a lower member of fossiliferous, 
cherty, limestone (Fossil Mountain Member) and an overlying sequence of 
thinly-bedded limestone, shale and gypsiferous siltstone (Harrisburg 


Gypsiferous Member). 


The Coconino sandstone directly underlies the Toroweap limestone at a 
depth of 900 to 1,000 feet within the mine area. The Coconino ranges in 
thickness in the mine area from about 30 to 50 feet. In the canyon rim 
north of the visitor center at the Grand Canyon National Park, the Coconino 
sandstone is approximately 300 feet thick. The Coconino sandstone is a 


white, cross-bedded eolian deposit of Permian age. 


The Coconino sandstone is underlain within the mine area at depths of 
930 to 1,050 feet by the Hermit shale. The Hermit shale is a dense, clay- 
cemented siltstone and behaves as a confining bed under the coarser and 
more permeable Coconino sandstone. As a result of the permeability 
contrast between these units, perched ground-water conditions may exist 
locally above the contact. Also springs and seeps occur locally along the 


contact between those units in the canyon walls (Metzer, 1961). 


The Hermit shale, in turn, is underlain by the Supai Formation which 
extends from about 1,050 to 2,300 feet below the surface. The upper few 
hundred feet of the Supai Formation is the resistant sandstone that 
resulted in the formation of the inner gorge of the Grand Canyon. The 
upper Supai Formation and the overlying Hermit shale are the main host 


rocks for the ore deposit at the Hermit prospect. The lower portion of the 
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Supai grades from a sandstone to a limestone which overlie the older 


limestones of the Redwall Formation (U.S. Forest Service, 1985). 


The Redwall and underlying Temple Butte and Muav’- limestones 
collectively comprise the Redwall-Muav aquifer of Northern Arizona. The 
Redwall limestone is a_ thickly-bedded, fine-grained limestone that 
typically is a cliff former where exposed along the walls of the Grand 
Canyon. In the area of interest, the Redwall is approximately 450 feet 
thick. The upper karstic member of the Redwall limestone is the source of 
the existing water supply for on-going operations at the Pigeon Mine, Kanab 
North, Pinenut, and the Canyon Mines. It is also the proposed source of 


water for the Hermit Mine. 


The Temple Butte limestone, which underlies the Redwall, consists of 
interbedded dolomite, dolomitic sandstone, sandy limestone, siltstone and 
sandstone. It crops out as thin ledges and occupies small channels cut 
into the underlying Muav limestone. The Muav limestone consists chiefly of 
dolomitic limestone and is gradational with the underlying Bright Angel 


shale. 


3.2.2 Structural Geology 


Major north-south trending faults provide geologic and topographic 
boundaries to many of the plateaus (Figure 3). The Kanab Plateau on which 
the Hermit Mine is located, lies between the Toroweap-Sevier Fault on the 


west and the West Kaibab Fault on the east. Both of these faults trend 
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north-northeast with movement on the order of hundreds of feet. The West 
Kaibab Fault and the East Kaibab Monocline form the boundaries of the 
Kaibab upwarp (Kaibab Plateau), topographically the highest of the area. 
The East Kaibab Monocline and the Vermillion Cliffs intervene between the 
Kaibab Plateau and the Paria Plateau to the northeast. The Kanab Valley 


Fault bisects the Kanab Plateau. 


Movements along many of the faults began in the Miocene, but much of 
the activity peaked during Pliocene time. The faults are thought to be 
related to underlying Precambrian zones of weakness. Numerous smaller 
faults and folds are also present; these generally trend north, northwest, 


What folds? 
or northeast. 


3.2.3 Breccia Pipes 


Roughly cylindrical, pipe-like collapse structures, termed breccia 
pipes, are common geologic features across the southern portion of the 
Colorado Plateau. The breccia pipes are relatively small in diameter, 
generally less than 500 feet, but may be thousands of feet deep. The pipes 
contain broken, rubbled rock from surrounding formations encircled by a 
series of concentric ring fractures. The more-permeable annular fault ring 
and the rock debris within the center of the pipe provided a vertical 
conduit for ascending and/or descending mineralizing fluids. When mineable 
ore occurs in a pipe, it typically is located in both the annualar fault 
ring and the central breccia matrix, principally in the Hermit and Supai 


Formations. Because the pipes are not known to extend below the Redwall 
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limestone, it is generally held that the pipes resulted from successive 
chimney collapse of the overlying formations into solution caverns 


developed within the Redwall limestone: 


"Geologists believe that cavities formed millions of years ago by 
dissolution of portions of the Redwall limestone [which] created space 
into which the overlying rock collapsed. The collapse zone propagated 
its way up hundreds, and in some instances, several thousands of feet 
in the form of a narrow cylinder or cone. This broken rock or pipe 
ereated a favorable environment for mineral deposition" (U.S. Forest 
Service, 1985). 


Subsequent to the formation of the breccia pipes and mineralization, 
the materials within the pipe and in surrounding areas have been recemented 
and the void spaces filled with a fine-grained matrix consisting mainly of 
carbonaceous materials. As a result, the breccia pipe and the area around 
the pipe is effectively impermeable. Laboratory tests, for example, on 
rock core from the breccia pipe and surrounding areas at the Canyon Mine, 
(located south of the Grand Canyon), have shown the rock-mass hydraulic 


conductivities generally to be less than 1 x 1079 em/sec. 


3.3 Ground-Water Occurrence and Movement 


3.3.1 Colorado Plateau Region 


The regional geology of the Colorado Plateau has been studied 
extensively by the U.S. Geological Survey, Energy Fuels, and others. The 
occurrence and movement of ground water within the plateau, however, have 


not been studied in the same level of detail, largely because of the depth 
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of occurrence throughout much of the region. The regional ground-water 
table throughout much of the plateau is controlled by the elevation of the 
Colorado River and its major tributaries which are deeply incised. 
Throughout much of the area, the depth to the regional water table is 


several thousands of feet beneath the tops of the plateaus. 


Because of the depth of incisement of the Colorado River through the 
Colorado Plateau, the principal water-bearing zones of interest are exposed 
in the canyon wall. As a result, ground-water occurrence and ground-water 
chemistry within the Grand Canyon and its major tributary valleys have been 
studied in detail. These studies, which are based largely on direct 
surface observations and measurements, in combination with limited borehole 
and water-quality information for the plateau region, provide a 
comprehensive and coherent understanding of the regional hydrogeology both 


on the North and South Rims of the Grand Canyon. 


Metzer (1961) describes the relationship between the geology and 
ground-water resources along the South Rim of the Grand Canyon and provides 
preliminary conclusions for quality and rates of recharge and discharge. 
Because of the similarities in the geology between the North and South Rims 
of the Grand Canyon, Metzer's conclusions also have direct relevance to the 
assessment of ground-water conditions and the prediction of the potential 
effects of mining on the Colorado Plateau, in general, and in the Hermit 


Mine area, in particular. 
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Huntoon (1982) reports on the results of investigations on ground-water 
circulation in the plateau regions adjacent to the Grand Canyon. Based on 
his studies, Huntoon concludes that the ground-water discharge from these 
regions occurs mainly to springs in the Grand Canyon. Specifically the 
major springs issue from the Redwall-Muav aquifer system, which is, as 
previously noted, the major aquifer system in Northern Arizona. Johnson 
and Sanderson (1968) also provides a compilation of data on ground-water 


discharge at springs along the Colorado River within the Grand Canyon. 


Loughlin (1983) provides interpretations and conclusions on 
hydrodynamic conditions at the time of formation of breccia pipes in the 
Grand Canyon area and for’ ground-water circulation near important 
springs. The Grand Canyon National Park Water Resources Management Plan 
(National Park Service, 1984) provides a summary of hydrogeological and 


hydrochemical data for the park and adjacent areas. 


The geology in combination with the low _ precipitation/high 
evapotranspiration losses leads to little water actually infiltrating and 
percolating downward to the regional water table. Although exact rates of 
natural ground-water recharge are not known, it is suggested that the rates 
of natural recharge are probably on the order of several hundredths to a 


few tenths of an inch per year, at best (Metzer, 1961). 


Within the thick unsaturated zone above the regional water table, the 
sedimentary deposits are generally fine-grained and well cemented, although 


zones containing coarser sands do exist. A potential exists for perched 
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ground-water conditions to occur above the regional water table wherever a 
permeability contrast exists, for example immediately above the contact of 
the permeable Coconino sandstone with the underlying low permeability 
Hermit shale. Perched ground water may also be anticipated to occur as 
isolated or discontinuous lenses within the overlying Toroweap and Kaibab 
limestones. The existence of localized perched ground-water zones above 
the regional water table is manifested in isolated springs and seeps along 
the walls of the Grand Canyon and tributary canyons. The discharge from 
these perched zones is typically small, that is less than a few gallons per 


minute, and frequently intermittent. 


The experience has been regionally that these isolated perched ground- 
water zones are not capable of being produced at a sustained rate for any 
length of time because of their limited areal extent and the slow rates of 
natural ground-water recharge. Consequently, it can be anticipated that if 
perched ground-water zones are encountered during mining, they may produce 
small quantities of water initially, but the yield can be expected to 
decrease with time and frequently to cease altogether within a period of 
several weeks or months. This is consistent with observed conditions 
during mining at the Hack Canyon and Pigeon Mines where aggregate inflow to 
the mine workings has decreased from about 10 to less than 5 gallons per 


minute. 
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3.3.2 Site-Specific Conditions 


The proposed mine plan for the Hermit Mine calls for the extraction of 
uranium ore from an approximate 600 foot interval within the breccia 
pipe. The ore body would be accessed by construction of a 1,100-foot 
vertical shaft located outside of the mineralized zone and by extending 
horizontal drifts into the mineralized zones within the breccia pipe. The 
final depth of mining will be nearly 1,000 feet above the regional ground- 
water table which is within the Redwall-Muav limestone aquifer. 
Consequently, it is not expected that significant ground-water inflow to 
the mine itself will occur. Isolated zones and some fractures above and in 
the area of the planned mine workings are known to contain perched ground 
water. Specifically, perched ground water has been encountered in the 
Toroweap limestone and within the Coconino sandstone immediately above the 
top of the Hermit shale. During mine development, these perched ground- 
water zones may cause water to collect in the mine workings, requiring 
pumping to the ground surface. It is further expected that as mining 
progresses the inflow to the mine from any perched zones that are 
encountered will decrease; resulting in the expectation that the Hermit 
Mine will be essentially dry in the latter phases as have been the cases in 


the Hack Canyon and the Pigeon Mines. 
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The perched ground-water zone within the Toroweap limestone at the 
location of the proposed Hermit Mine has been developed to provide water 
for livestock. The well at this location can be produced at about 2 gpm on 
an intermittent basis only. The potential yield from the perched ground- 
water zone at the base of the Coconino sandstone is believed to be very 


small. 


3.4 Ground-Water Quality 


Existing data on the quality of ground-water inflow to existing mines 
within the Colorado Plateau are limited primarily because of its infrequent 
occurrence. The analytical results for a sample collected from the Pigeon 
Mine in August, 1986 by Energy Fuels together with the results of ground- 
water samples from wells in the area are summarized in Table 2. A 


description of the wells listed in Table 2 is given in Table 3. 


The Pigeon Mine water sample was collected from the discharge to the 
main sump at the lowest working level in the mine and represents water that 
has percolated downward through the workings. The sample, therefore, 
should be representative of mine water. The water is a strongly 
bicarbonate type indicating neutral to basic pH conditions within the 
mine. The sample, however, except for radiochemistry, meets all Primary 
Drinking Water Standards and exceeds the Secondary Drinking Water Standards 
only for sulfate (851 mg/l) and total dissolved solids (1,920 mg/l). The 


radiochemistry for the Pigeon Mine sample is summarized in Table 4. 


TABLE 2 


SUMMARY OF RESULTS FOR CHEMICAL ANALYSIS FOR GROUND-WATER SAMPLES 
FROM WELLS WITHIN THE ARIZONA STRIP 
(Constituent Leveis Exposed In Mg/L) 


Well Name/Ref. No. Pigeon Mine Pigeon #4 Hack #10 Hunt #5 Kanab #6 Maximum Allowable 
Well Reg. No. Main Sump 503711 640855(1) 503919 509198 Contaminated Level 
Aquifer --- RW BP K/T RW (MCL) (MCL) 
Date Sampled 8/22/86 10/4/82 10/4/82 8/4/83 12/6/85 (2) (3) 
Constituent 
Arsenic <0.01 <0.02 <0.02 0.028 <0.01 (0.05) (0.05) 
Barium <0.1 <0.50 0.05 <0.5 <0.05 (1.0) (1.0) 
Cadmium <0.0001 <0.01 -0.013 <0.005 <0.005 (0.01) (0.01) 
Chromium <0.001 <0.05 <0.05 <0.01 <0.01 (0.05) (0.05) 
Fluoride 0.07 1.6 1.1 Tad 1.0 (1.4-2.0) (1.4-2.4) 
Lead <0.001 <0.02 0.21 0.024 <0.02 (0.05) (0.05 
Mercury <0 .00006 <0.002 <0.002 <0.001 <0.001 (0.002) (0.002) 
Nitrates =-- 0.086 0.055 0.2 <0,20 (10.0) (45.0) 
Selenium <0.01 0.0050 <0.01 0.005 <0.005 (0.01) (0.01) es 
Silver <0.0001 <0.02 <0.02 0.02 <0.02 (0.05) (0.05) 7 
Alkalinity 337.0 245.0 186.5 260.0 204.0 N/A N/A 
Calcium 179.0 142.0 131.0 570.0 435.0 N/A N/A 
Chloride --- 31.3 26.3 18.0 72.0 N/A 500.0 
Copper <0.001 0.01 0.01 <0.05 <0.05 N/A 1.0 
Iron 0.05 2.0 <0.05 2.2 <O.1 N/A 0.3 
Magnesium 202.0 40.0 59.0 175.0 170.0 N/A N/A 
Manganese 0.05 0.0 0.02 <0.05 <0.05 N/A 0.05 
Sodium 99.0 104.0 717.0 25.0 128.0 N/A N/A 
Sulfate 851.0 890.0 3,560.0 2,020.0 1,535.0 N/A 500.0 
TDS 1,920.0 --- -<-- 2,980.0 2,570.0 N/A 1,000.0 
Zinc 2.5 <0.05 1.11 5.4 <0.05 N/A 5.0 
Uranium 0.17 
Aquifer: RW = Redwal!/Muav 

BP = Breccia Pipe 


K/T = Kai bab/Toroweap 


(1) Sample was taken after passing through a water softener. 
(2) Arizona Department of Health Services. 
(3) Federal drinking water standards. 


—25- 


TABLE 3 


WATER WELL STATISTICS 


WELL NAME/ REGISTRATION WELL STATIC YIELD PRINCIPAL 

REF. NO. NUMBER DEPT. WATER LEV. (GPM AQUIFER 

Pigeon Well/ 503711 2,350 1,736 10 Redwall Ls. 
#4 

Hunt Well*/ 503919 660 370 2 Toroweap Fm. 
#5 

Kanab North 509198 2,700 1,470 10 Redwall Ls. 

Well/#6 

Hack Canyon/ 640855 1,475 1,096 5 Breccia Pipe 


#10 


Note: N/A - Not Available. 


+ - Hunt Well #5 is located at the Hermit Mine Site. 
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TABLE 4 


RADIOCHEMISTRY, PIGEON MINE WATER 


Gross Alpha (pCi/1), Total 331 + 36 
Gross Beta (pCi/l), Total — 99 + 17 
Radium 226 (pCi/l), Total 39 + 1.6 
Radium 228 (pCi/1l), Total 1.4 + 1.6 
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4.0 HYDROGEOLOGICAL CHARACTERISTICS OF BRECCIA PIPES 


As discussed previously in Section 3.2.3, mineralization in the Hermit 
Mine area occurs in or near a breccia-pipe structure that cuts vertically 
through the flat-lying sedimentary strata. Cavities formed millions of 
years ago by dissolution of portions of the deeper Redwall limestone 
created cavities which resulted over time in the collapse of the overlying 
strata. The collapse zone propagated upward through the overlying strata 
several hundreds of feet forming a cylinder or narrow cone filled with 


breccia or rock fragments. 


Geochemical changes within the breccia zone resulted in cementation of 
the breccia or broken rock infilling the voids with a fine-grained matrix, 
and depositing uranium and other minerals including silver and copper. As 
a result of the primary and secondary mineralization, the breccia zone is 
denser and less permeable than the surrounding rocks. Laboratory tests on 
rock core from the Canyon Mine prospect, which is located on the South Rim 
of the Grand Canyon, confirm the dense nature and low hydraulic con- 
ductivity of the material both within the breccia pipe and in the natural 
materials immediately surrounding the pipe. The results of the laboratory 
measurements which are summarized in Table 5 indicate that the geologic 
materials immediately surrounding the pipe are effectively impermeable with 
measured hydraulic conductivities less than 1 x 1079 em/sec. In 
comparison, the measured hydraulic conductivities for the material from 


inside the breccia pipe but not within the uranium ore zone range from 2.0 
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x 1077 to 1.4 x 1076 em/sec. Measured hydraulic conductivities for three 


samples taken within the pipe but below the proposed depth of mine were 


-8 


less than 1 x 10 em/sec. 
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Canyon Mine is south of GCNP, R/M 
aquifer is in Muav Limestone, 

R/M aquifer at Hermit Mine is in 
Suprise Canyon Conglomerate 
TABLE 5 Some sample values and depths 


differ between Montgomery & 


associates versus Dames and 
LABORATORY HYDRAULIC CONDUCTIVITY w[oore 


OF ROCK CORE SAMPLES, CANYON MINE 


Depth Below Hydraulic 
Ground Surface Conductivity 
Sample Sample Description -Feet- -cem/sec- 
1 Sandstone/siltstone-outside pipe 2,020 2.2 x 10710 
2 Sandstone/siltstone-outside pipe 2,303 1.3 2% 10711 
3 Sandstone/siltstone-outside pipe 2,045 9.4 x 10711 
4 Sandstone/siltstone-outside pipe 2,059 <3.4 x 10713 
5 Sandstone/siltstone-outside pipe - SAMPLE FAILED - 
6 Sandstone/siltstone-outside pipe 2,285 1.2 x 107!1 
oo 7 In pipe, but not in uranium 2,299.25 2.0 x 107! 
ore zone 
8 In pipe, but not in uranium 1,381.50 6.1 x 107! 
ore zone 
9 In pipe, but not in uranium 1,188.50 - 4.4 x 1076 
ore zone 
10 In pipe below 2,000 foot level 2,012 1.6 x 1079 
11 In pipe below 2,000 foot level 2,073 7.0 x 1079 
12 In pipe below 2,000 foot level 2,133 4.7 x 1079 
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5.0 POTENTIAL IMPACT OF MINING OPERATIONS 


Experience to date has shown that the rates of ground-water inflow to 
the existing mines in the Kanab Plateau decrease with time and are small, 
that is less than 5 gallons per minute. Following cessation of mining, it 
can be expected that ground-water inflow to the mine workings will continue 
and that with time a potential exists for the mine workings to partially 
fill with water. In that the mine workings are above the regional water 
table which is believed to be some 1,000 feet below the depth of mining, a 
potential will exist for downward seepage from the mine to the regional 
water table. The rates of filling of the mine workings and the rates of 
downward seepage will depend on the hydraulic transmission and storage 
characteristics of the overlying, underlying and adjacent strata. The low 
rates of natural ground-water recharge is evidenced by the limited and 
localized occurrence of perched ground-water conditions above the regional 
water table and the fact that the yield from their perched zones generally 
is not sustainable, even at low pumping rates. 

Perchered groundwater is flowing downward. Is in the 
Hermit at Hack Mines and Supai at Kanab North 

The experience at the Hack Canyon and Pigeon Mines has been that 
perched ground-water conditions can be expected to be encountered during 
sinking of the shaft and mining. The aggregate rates of inflow to the 
workings at both the Hack Canyon and Pigeon Mines, however, have been 
small, that is less than about 5 gallons per minute. The inflow, which is 
largely associated with localized perched zones at or near the top of the 


Hermit shale, has decreased with time and is currently less than a few 


Fs 


gallons per minute. Also of importance is that the quality of the inflow 
to the mine workings as indicated by analysis of water samples from the 
Pigeon Mine is very good. The quality of the water in the main sump in the 
bottom of the Pigeon Mine meets all Primary Drinking Water Standards, 
except for radiochemistry, and exceeds the Secondary Standards only for 


sulfate and total dissolved solids. 


The effect of intercepting "perched" ground-water conditions during 
mining will be localized due to the discontinuous nature of ground-water 
occurrence above the regional water table. Parametric analyses based on 
observed conditions during mining at the Hack Canyon and Pigeon Mines 
further supports the localized nature of the potential impacts. Given low, 
but reasonable rates, of natural ground-water recharge and actual rates of 
ground-water inflow to the mine workings at the existing mines, it can be 


shown that the effective radius of influence as a result of intercepting 


perched conditions will be small and typically less than a few thousand 
feet. This relationship between rate of ground-water inflow to the mine 
workings, rate of natural ground-water recharge, and the "effective" radius 
of influence is shown on Figure 4. As can be seen from Figure 4, the 
effective radius of influence is not highly sensitive to the assumed rate 
of natural recharge for a given aggregate mine inflow rate and in the worst 


case less than several thousands of feet. 


10.0 


RECHARGE RATE, IN/ YR 


0.1 


0.01 
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EFFECTIVE RADIUS OF INFLUENCE, FT 
Effective Radius of Influence as a Function of 


Aggregate Mine Inflow and Rate of Ground-water Recharge 
Dames & Moore 


Figure 4 
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The proposed depth of mining within the mineralized portion of the 
breccia pipe at the Hermit site will be approximately 1,000 feet above the 
regional ground-water table within the Redwall-Muav aquifer. Laboratory 
tests on rock core from within the breccia pipe but below the depth of 
uranium mineralization have shown the rock mass to be effectively 
impermeable. Measured hydraulic conductivities for the non-mineralized 
portions of the breccia pipe below the depth of mining were less than 1 x 
10-8 em/sec. This compares measured hydraulic conductivities of less than 
1 x 1079 om/see for the altered sandstone and siltstone units adjacent to, 
but outside of the breccia pipe and measured values of 2.0 x 1077 to 1.4 x 
10-6 em/sec for non-mineralized portions of the pipe within the zone of 


mining. 


In summary, recementation of the collapse breccia within the pipe and 
the alternation and recementation of the sedimentary units immediately 
around the pipe have resulted in a very low permeability environment. 
Because of the very low permeabilities and the physical separation, the 
potential for any direct impact on water quality or quantity within the 


Redwall-Muav limestone aquifer is negligible. 


In addition to these physical factors which limit the potential for 
water quality or quantity impacts with the Redwall-Muav aquifer, adsorption 
of heavy metals and radioactive constituents on the surfaces of clays as 
well as chemical reactions with the rock strata will tend to minimize or 


eliminate any short-term or long-term potential water-quality impacts. 
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Thick sequences of argillaceous mudstones and limestones with high 
adsorptive capacities physically separate the uppermost aquifer within the 


Redwall-Muav limestones and the proposed depth of mining. 


Although regionally, breccia pipes are a common geologic feature within 
the Colorado Plateau, only a relatively few contain sufficient uranium 
mineralization to be commercially mineable. These breccia pipes, as 
discussed, are typically small in diameter - that is less than 300 to 500 
feet. Given the existing geologic and hydrogeologic conditions in and in 
the immediate area of mineralized breccia pipes in the Colorado Plateau, it 
is highly improbable that the development, and mining of selected breccia 
pipes such as at the proposed Hermit Mine site will have a measurable or 
quantifiable impact on ground-water quality or quantity within the Redwall- 
Muav aquifer. It can be expected that mine development may locally dewater 
perched ground-water systems which exist within the thick unsaturated zone 
above the regional water table. Any effect on these perched systems, 


however, will be limited to the immediate mine area. 


The perched aquifer, north of the GCNP, is continuous - but deepens as it flows south toward the Grand Canyon 
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Solid Waste Plan Review Unit 

Arizona Department of Environmental Quality 
3033 North Central Avenue 

Phoenix, Arizona 85012 


Subject: Construction Completion Report, Cell 1B Rainbow Valley Landfill, Glenn 
Weinberger Incorporated, Maricopa County, Arizona 


Dear Mr. Jeffries: 


On behalf of Glenn Weinberger Incorporated (GWI), AMMTEC Consulting, Inc. (AMMTEC) 
is pleased to present this construction completion report Cell IB at the Rainbow Valley 
Landfill. 


GWI contracted directly with AMMTEC to perform construction quality assurance (CQA) and 
construction certification for Cell 1B at the Rainbow Valley Landfill near Mobile, Arizona. 
The enclosed report documents the as-built construction of the landfill bottom layers at the 
Rainbow Valley Landfill. This report includes a summary of the project history, as-built 
records, of the excavated cell topography, and CQA information. 


Based on the results of field CQA testing and construction observations, Cell 1B of the 
Rainbow Valley Landfill has been constructed in substantial conformance with the approved 
plans, (Reference: Solid Waste Facility Plan/Aquifer Protection Permit No. P-102800.) 


If you have any questions, please do not hesitate to contact me at (480) 927-9696 or at 
ammtecsa@quwest.net. 


Sincerely, 


AMMTEC CONSULTING, INC. 


Syed S. Amanatullah, P.E. 
Engineering Manager, VP 


Enclosure 


cc: Glenn Weinberger, GWI 


: 
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1 INTRODUCTION 


On behalf of Glenn Weinberger, Incorporated (GWI), AMMTEC Consulting, Inc. 
(AMMTECc) has prepared this Construction Completion Report to the Arizona Department 
of Environmental Quality (ADEQ) Solid Waste Plan Review Section for the construction 
of Cell 1B at the Rainbow Valley Landfill with reference to the facility’s Solid Waste 
Facility Plan/APP No. P-102800. 


This report will document the as-built construction of Cell 1B at the Rainbow Valley 
Landfill and includes attachments for this construction completion report. This report will 
also reference previously approved documents relating to the Solid Waste Plan/Aquifer 
Protection Permit for this facility. 


Supporting data and information that are included in this report are listed below: 


e Project background; 

e Summary of organizations responsible for project completion; 
e Descriptions of major construction components; 

e Project site photographs; 

e Quality assurance information, and; 


e As-built documentation. 


Other information regarding the Rainbow Valley Landfill and this proposed modification 
are contained in the appendices. Appendix A contains as-built drawings of the excavated 
Cell 1B, Appendix B contains project site pictures, Appendix C contains the laboratory 
soils analyses, and Appendix D contains project documentation. 


1.1 Facility Description 


The Rainbow Valley Landfill is a construction and demolition debris landfill located at 99" 
Avenue and approximately 2 miles north of Hwy 238 in Mobile, Maricopa County, 
Arizona. The facility was issued ADEQ APP No. P-102800, August 24, 1995. The permit 
provides authorization to construct and operate the Rainbow Valley Landfill. A vicinity 
map is shown in Appendix A. Access to the facility area is from Hwy 238 and 91“ Avenue. 
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Appendix A includes a vicinity map showing the location of the Rainbow Valley Landfill 
and also includes a site map depicting Cell 1A and Cell 1B at the Rainbow Valley Landfill. 


The legal description of the site is the Phoenix Active Management Area in Township 2 
North, Range 1 West, Sections 25 and 26, Gila and Salt River Base Line and Meridian: 


Latitude 33° 3" 38" 

Longitude 112° 19' 30" 

The Rainbow Valley Landfill is a Construction and Demolition (C&D) debris landfill and 
accepts only C&D waste from the Glenn Weinberger transfer station location at 43rd 


Avenue, in Phoenix Arizona. No public C&D waste is accepted at the Rainbow Valley 
Landfill. 


2 BACKGROUND 


The Rainbow Valley Landfill APP incorporates a previously approved minor modification 
for an alternative bottom liner and final cover system. This minor modification is 
referenced as the Equivalency Demonstration for Alternative Bottom Liner and Final 
Cover Systems, Minor Modification to APP No. 102800, Rainbow Valley Landfill, March 
31, 1999, EMCON, and included HELP 3.05 modeling that predicted no leakage from 
the base of the landfill when modeled with the alternative design configuration. 


The approved alternative bottom liner system consists of a 12-inch native soil layer, a 12- 
inch scarified/recompacted native soil layer, and a 24-inch native soil operations layer. 
This construction completion report is to document that this bottom liner system was 
installed in Cell 1B at the Rainbow Valley Landfill. 


A Construction Quality Assurance (CQA) manual for the alternative design 
configuration was also included with the previously approved minor modification and 
is referenced as, Quality Assurance Manual for Construction of Alternative Final 
Cover and Liner Systems, Rainbow Valley Landfill, EMCON, March 31, 1999. This 
CQA manual provided construction testing standards and frequencies, construction 
monitoring requirements, and record keeping requirements. 
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3 PROJECT ORGANIZATION 


3.1. Project Owner 


The project owner is Glenn Weinberger Incorporated (GWI). 


3.2 Project Engineer 


GWI directly contracted with AMMTEC for project engineering, construction quality 
assurance, and this construction completion report. The As-Built Surveys were performed 
by Stanley Consultants, Inc. (Stanley). Laboratory testing was performed by AMMTEC and 
Alpha Geotechnical & Materials, Inc. (Alpha). 


3.3 Project General Contractor 
GWI served as the general contractor and performed the excavation and construction of 


Cell 1B. Representatives of GWI can be contacted at: Glenn Weinberger Incorporated, 
3425 South 43" Avenue, Phoenix, Arizona, 85009. 


= 
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4 FOUNDATION LAYERS 


4.1 Cell 1B Excavation 


Cell 1B at the Rainbow Valley Landfill was excavated to a maximum of approximately 58 
feet below grade. As shown in Appendix A, the current surface elevation is approximately 
1260 feet above mean sea level (amsi), and the bottom of the excavated cell is 
approximately 1202 feet amsl. A topographic survey of the excavated cell was performed 
by Stanley on April 4, 2001, and is included in Appendix A. 


The south slope of Cell 1B has a slope of 4:1 from the surface grade to the excavated cell 
bottom grades. The excavated cell bottom area has gentle slopes downward from south to 
north. The excavated soil from Cell 1B was stockpiled at an area northeast of Cell 1B on 
the GWI property. 


4.2 Excavated Soil for Bottom Liner Layers 


Existing native soil at the Rainbow Valley Landfill was used as material for construction 
of the landfill bottom layers. The soil was excavated from an existing slope north of Cell 
1A. 


4.3 Bottom Liner Layers 


The bottom liner layers consisted of a 12-inch native soil layer as the lowermost layer, a 
12-inch recompacted soil layer, and a 24-inch operations layer. Construction of the bottom 
liner layers began on June 18, 2001 and was completed on September 19, 2001. 


On the surface of the 12-inch native soil layer, the recompacted soil layer was installed on 
the south slope of Cell 1B in 6-inch lifts. Soil tests were performed after construction of 
the 12-inch recompacted soil layer. A 24-inch operations layer was then installed over the 
12-inch recompacted soil layer. 


Installation of the recompacted soil layer then progressed to the floor areas of Cell 1B with 
approximately 2 feet of overlap onto the south slope. Additional soil tests were performed 
after the construction of the 12-inch recompacted soil layer at the floor areas of Cell 1B. A 
24-inch operations layer was then installed over the recompacted soil layer at the floor 


areas of Cell 1B. 
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4.4 Cell 1B Utilization for Landfill Operations 


Due to space constraints for landfill operations in Cell 1A, notification to ADEQ (by letter 
dated August 17, 2001), was provided by AMMTEC so that constructed portions of Cell 1B 
could be utilized. The constructed portion consisted of the west half of the floor area of 


Cell 1B. 


Required CQA tests were performed on the constructed portions of Cell 1B prior to 
utilization for landfill operations. A temporary berm for on-site drainage management was 
installed at the working faces of Cell 1B as construction activities continued on the 


remaining portion of Cell 1B. 


4.5 Project Documentation 


Project documentation consists of photographs taken at the project site, field reports, and a 
project equipment list. Project site photographs are contained in Appendix B and field 
reports are contained in Appendix D. 


4.6 Drainage Controls 


Temporary berms were built at the working faces of the construction areas to control 
stormwater drainage. A permanent soil berm was constructed along the east and north 
boundaries of Cell 1B on top of the 24-inch operations layer. This berm will prevent run- 
on due to off-site stormwater runoff. 


4.7 Environmental Controls 


Water was sprayed regularly on haul roads and working areas to minimize dust. Removal 
of soils was performed when an oil leak was detected in one of the site equipment. 


se 
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5 QUALITY ASSURANCE 


Quality assurance was performed by AMMTEC as per the CQA manual, Quality Assurance 
Manual Construction of Alternative Final Cover and Liner Systems, Rainbow Valley 
Landfill, March 31, 1999, EMCON. 


5.1. Soil Material Evaluation 


Prior to construction activities, a soil sample was taken from the existing slope north of the 
Cell 1A that was to be used for the construction of the landfill’s bottom layer system. 
Geotechnical analytical results of this soil showed an average permeability of 4.2 x 10° 
cm/sec, a maximum dry density at 112.5 pounds per cubic foot, and an optimum moisture 
content of 14.4 percent. 


5.2 Construction Requirements 


The recompacted soil layers are specified in the APP permit to have a compaction quality 
of at least 95 percent and hydraulic conductivities of less than or equal to 1 x 10° cm/sec. 


5.3 Construction Testing 


Major areas of construction at Cell 1B can be described as the south slope area, the west 
half of the floor area, and the east half of the floor area. After construction of the 
recompacted soil layers at each of the major areas, field tests were performed and soil 
samples were taken for laboratory analysis according to the CQA manual. 


Geotechnical analysis using appropriate ASTM standards were conducted on samples from 
the 12-inch recompacted soil layer. ASTM D5084 was used for permeability analysis, 
ASTM D698 for laboratory moisture density, and a Troxler Surface Moisture Density 
Gauge was used for field soil density and moisture content measurements. 


Permeability test results are summarized in Table 1. Three soil samples, SP-1, SP-2, and 
SP-3, were taken from the site using a Shelby tube and permeability analysis was 
performed by Alpha. The test results indicate that soil samples SP-1, SP-2, and SP-3 meet 
the permeability requirements. 
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Field moisture-density tests utilizing the Troxler Surface Moisture Density Gauge were 
performed at various locations and the results are summarized in Table 2. The results show 
that field density tests for samples FS-1, FS-2, FS-3, FS-4, FS-5, FS-6, FS-7, FS-8, FS-9, 
FS-10, FS-11, and FS-12 were within specification for compaction. 


The locations of field tests and soil sample locations are shown in Plate 1. 


5.4 Field Engineering Services 


Field engineering services were provided by AMMTEC. 


5.5 Laboratory Analytical Services 


Laboratory analytical services for soils testing were provided by AMMTEC and Alpha. 


5.6 Documentation 


Documentation for the soils testing including sieve analysis, moisture-density, and 
permeability are contained in Appendix C and are also summarized in Tables 1 and 2 of 
this report. Documentation for the field soil tests are contained in Table 3. 
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6 CONCLUSION 


All construction described in this report was performed by GWI. Field testing was 
performed by AMMTEC and laboratory analyses were performed by AMMTEC and 
Alpha. Based upon the information and as-built surveys provided by AMMTEC and 
Stanley, the Rainbow Valley Landfill Cell 1B construction project was completed. 
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TABLES 


TABLE 1 


Soil Permeability Test Results 
ASTM D5084 
Cell 1B — Rainbow Valley Landfill 
AVERAGE 
PERMEABILITY 
(cm/sec) 


| SAMPLE SAMPLE SAMPLE 
| DATE LOCATION IDENTIFICATION 


7/9/01 South Slope 


8/6/01 Floor Area (West Half) 


9/7/01 


Floor Area (East Half) 


TABLE 2 


Soil Moisture Density Analysis 
ASTM D698 
Cell 1 B— Rainbow Valley Landfill 


MAXIMUM 
DRY 
DENSITY 


(pcf) 


SAMPLE SAMPLE SAMPLE 
DATE LOCATION IDENTIFICATION 


7/9/01 South Slope 112.2 
Floor Area 

mal (West Half) 
Floor Area 

ll = elf ee Half) 


OPTIMUM 
MOISTURE 


(%) 


12.6 


TABLE 3 


Field Soil 
Optimum Moisture Density Relationship 
ASTM D698 
Cell 1B — Rainbow Valley Landfill 


RELATIVE 
COMPACTION 
(%) 


MOISTURE 
CONTENT 
(%) 


SAMPLE SAMPLE 
LOCATION IDENTIFICATION 


100 


South Slope | FS-3 


South Slope 


7/9/01 
Floor Area 


7/9/01 
lee p= [=f = = 


Floor Area 
(East Half) 


Floor Area 
| 9/7/01 (East Half) 113.7 113.9 = 
Floor Area 
9/7/01 (East Half) FS-11 ac 109.0 113.9 


a ia 


FS-5 


9/7/01 FS-9 113.3 113. a 


TABLE 4 


Equipment List 
Cell 1B — Rainbow Valley Landfill 


| EQUIPMENT MANUFACTURER MODEL NUMBER 1 


| 
| 
| 
| 
| 
| 
| 


foment | 
a 


PLATE 


Limit.of-:Landfill 


CELL 1A 


@ Field Soil Test Locations 
@ Soil Sample Locations 


Approximate Scale 
1 Inch = 200 Feet 
200 400 


seoonmeen ay Genesee ie 
‘a Y Cell 1B Field Test & 
A LE M7 f EC Soil Sample Locations Plate 


CONSULTING, INC. Rainbow Valley Landfill 


Date: October 18, 2001 Glenn Weinberger, Inc. 1 
Project Number: PX-1001.001.04 Mobile. Arizona 
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RAINBOW VALLEY 
TOPSOIL AND LANDFILL 


IN SECTION 8, TOWNSHIP 4S, RANGE 1E 


VICINITY MAP 


N.T.S. 


LEGAL DESCRIPTION 


THE EAST HALF OF SECTION 8, TOWNSHIP 4 SOUTH, RANGE 1 EAST, OF THE 

GILA & SALT RIVER BASE AND MERIDIAN, MARICOPA COUNTY, ARIZONA EXCEPTING 
THERE FROM ANY PORTION OF LAND LYING WITHIN THE FOLLOWING DESCRIBED 
PROPERTIES; 


. THE EAST 55' OF SAID SECTION 8; 

. THE NORTH HALF OF THE SOUTHEAST QUARTER OF THE NORTHEAST 
QUARTER OF SAID SECTION 8; 

. THE SOUTH HALF OF THE SOUTHEAST QUARTER OF THE NORTHEAST 
QUARTER OF SAID SECTION 8; 

4. BEGINNING AT THE SOUTHEAST CORNER OF SAID SECTION 8; THENCE 

NORTH 89 DEGREES 45 MINUTES 38 SECONDS WEST ALONG THE SOUTH LINE 

OF SAID SECTION 8, A DISTANCE OF 370.57 FEET; THENCE NORTH 39 

DEGREES 08 MINUTES 58 SECONDS EAST, A DISTANCE OF 589.82 FEET TO 

THE EAST LINE OF SAID SECTION 8; THENCE SOUTH 00 DEGREES 13 

MINUTES 35 SECONDS WEST ALONG THE EAST LINE OF SAID SECTION 8, A 

DISTANCE OF 458.96 TO THE POINT OF BEGINNING. 


oOo N>- 


BENCHMARKS 


1.) CHISELED "0" ON TOP OF NORTHWEST CORNER OF 


WEST WING WALL OF ABANDONED CATTLE GUARD 
(CONCRETE STRUCTURE). BENCHMARK IS :8' 
NORTHEAST OF G.L.O.B.C. 2' BELOW NATURAL 
GROUND. CORNER SECS. 4, 5, 8 & 9, T-4-S, R-1-E 
ELEVATION 1240.825. 


2.) CHISELED "+" AT SOUTH SIDE OF CONCRETE BASE 


OF MONITORING WELL AT SOUTHWEST CORNER OF 
SITE. 


3.) CHISELED "+" AT SOUTH SIDE OF CONCRETE BASE 


OF MONITORING WELL AT WEST SIDE OF SITE. 
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APPENDIX B 


PROJECT SITE PICTURES 


se 


PICTURE 1. 
6-inch recompacted soil installation on south slope of Cell 1B. 
(View from North) 6/26/01 


” PICTURE 3. 
Second 6-inch lift for a total of 12 inches of recompacted soil on 
south slope. (View from North) 7/12/01 


PICTURE 5. 
12-inch recompacted soil installed above south slope. (View 
from West) 7/12/01 


PICTURE 2. 


6-inch recompacted soil installation on south slope of Cell 1B. 


(View from South) 6/26/01 


PICTURE 4. 
6-inch recompacted soil installation on floor area (western 
edge). (View from North) 7/12/01 


ICTURE 6. 
Troxler Surface Moisture Gauge for field tests on 12-inch 
recompacted soil installation on south slope. 7/19/01 
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PICTURE 7. PICTURE 8. 


6-inch recompacted soil installation on westem half of Cell 1B. 6-inch recompacted soil installed on western half of Cell 1B. 
(View from Southeast) 7/25/01 Slope in background also shows soil material origin. (View 


from Southeast) 7/25/01 


PICTURE 9. 
Second 6-inch lift for a total of 12 inches recompacted soil on Second 6-inch lift for a total of 12 inches recompacted soil on 
western half of Cell 1B. (View from North) 8/3/01 westem half of Cell 1B. Slope in background also shows soil 


material origin. (View from Southeast) 8/3/01 


PICTURE 11. PICTURE 12. 
Operations Layer installation on south slope and western half of Operations Layer installation on westem half of floor area. 
floor area. (View from Southeast) 8/10/01 (View from Southeast) 8/14/01 


PICTURE 13. 


Operations Layer installation on westem half of floor area. Also Grading of Operations Layer on south slope. (View from 
grading of Operations Layer on slope. (View from Northeast) North) 8/14/01 
8/14/01 
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“PICTURE 15. 
24-inch Operations Layer installed on western half of floor area. Temporary berm installed at working face of Cell 1B. (View 
(View from North) 9/18/01 from North) 9/18/01 
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PICTURE 17. PICTURE 18. 
Begin installation of 1s* lift of 6-inch recompacted soil on 1s lift of 6-inch recompacted soil installation continues on east 
remaining (east) half of Cell 1B. 8/28/01 (View from North) half of Cell 1B. 8/29/01 (View from South) 


alee > a : He ee a Ce = > M 
PICTURE 19. PICTURE 20. 
2nd lift of 6-inch recompacted soil installation on east half of Cell 24 lift completed for a total of 12-inches recompacted soil on 
1B. 8/31/01 (View from North) east half of Cell 1B. 9/07/01 (View from Northwest) 
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PICTURE 21. ~ PICTURE 22. 
Shelby tube soil sample extraction. 9/07/01 24-inch operations layer installation on east half of Cell 1B. 
9/18/01(View from South) 


“PICTURE 23. “PICTURE 24. 
Grading of 24-inch operations layer on east half of Cell 1B. Construction of berm on top of operations layer along eastern 
9/18/01(View from South) edge of Cell 1B. 9/19/01 (View from North) 
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PICTURE 25. 

Finished berm construction along westem edge of Cell 1B. 
9/21/01 (View from North) 


PICTURE 26. 
View of Cell 1B Construction. 9/21/01 (View from East) 
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LABORATORY SOIL ANALYSES 
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> 6424533267 Sep. 19 2081 10:36AM P2 


ALPHA Geotechnical & Materials. Inc. 


FROM : 
PROJECT: Rainbow Valiey Landfili 
LOCATION: Maricopa County, AZ 
MATERIAL: Native 
SAMPLE SOURCE: On-Site 


SAMPLE PREP: insitu 


JOB NO: 01-A-00050 
WORK ORDER NO: 3 

LAB NO: 3 
DATE SAMPLED: 09/07/01 
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MEASUREMENT OF HYDRAULIC CONDUCTIVITY OF SATURATED POROUS MATERIALS 
USING A FLEXIBLE WALL PERMEAMETER 


ASTM D5084 


" AVERAGE PERMEABILITY, cm/sec 


INITIAL LENGTH OF SPECIMEN, in. 
INITIAL DIAMETER OF SPECIMEN, in. 
INITIAL WATER CONTENT, % 

INITIAL DRY UNIT WEIGHT, pef 


INITIAL VOLUME, cu.in. 

PERMEANT LIQUID 

MAGNITUDE OF TOTAL BACK PRESSURE, psi 
EFFECTIVE CONSOLIDATION STRESS psi 
HYDRAULIC GRADIENT USED, in/in 

FINAL LENGTH OF SPECIMEN, in. 

FINAL DIAMETER OF SPECIMEN, in. 

FINAL WATER CONTENT, % 

FINAL DRY UNIT WEIGHT, pef. 

FINAL VOLUME, cu. in.: 

DEGREE OF SATURATION BEFORE TEST, % 
DEGREE OF SATURATION AFTER TEST,% 


SPECIFIC GRAVITY USED IN CALCULATIONS OF SATURATION 


TIME INTERVAL 
(MIN) 


195 
172 
212 
212 


x 
cm/sec 


6.91E-08 
6.96E-08 
6.35E-08 
6.35E-08 


6.6E-08 
4.18 
2.88 
19.4 
95.7 


27.2 
Deaired water 
73 
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ALPHA Geotechnica! & Materials, Inc. 


PROJECT: Rainbow Valley Landfill 
LOCATION: Maricope County, AZ 
MATERIAL: Native 

SAMPLE SOURCE: On-Site 

SAMPLE PREP: Insitu 


JOB NO: G1-A-05059 
WORK ORDER NO: 3 

LAB NO: 3 
DATE SAMPLED: 08/06/01 


MEASUREMENT OF HYDRAUL!C CONDUCTIVITY OF SATURATED POROUS MATERIALS 
USING A FLEXIBLE WALL PERMEAMETER 


ASTM D5084 
METHOD A 


AVERAGE PERMEABILITY, cm/sec 
INITIAL LENGTH OF SPECIMEN, in. 
INITIAL DIAMETER OF SPECIMEN, in. 
INITIAL WATER CONTENT, % 
INITIAL DRY UN!T WEIGHT, pcf 


INITIAL VOLUME, cu.in. 

PERMEANT LIQUID 

MAGNITUDE OF TOTAL BACK PRESSURE, psi 
EFFECTIVE CONSOLIDATION STRESS,psi 
HYDRAULIC GRADIENT USED, in/in 

FINAL LENGTH OF SPECIMEN, in. 

FINAL DIAMETER OF SPECIMEN, in. 

FINAL WATER CONTENT, % 

FINAL DRY UNIT WEIGHT, pcf. 

FINAL VOLUME, cu. in 

DEGREE OF SATURATION BEFORE TEST, % 
DEGREE OF SATURATION AFTER TEST,% 


SPECIFIC GRAVITY USED !N CALCULATIONS OF SATURATION 


TIME INTERVAL 
(MIN) 


K 
cm/sec 


1.3E-07 
4.04 
2.88 
12.6 
106.2 
26.2 

Deaired water 
73.5 
5 

20.6 
4.01 
2.84 
18.7 
109.3 
25.4 
60 


97 
2.65 
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FROM : FAX NO. : 6824533267 Jul. 36 2081 69:45AM 


ALPHA Geotechnical & Materials, Inc. 


PROJECT: Rainbow Valley Landfill JOB NO: 01-A-00050 
LOCATION: Maricopa County, AZ WORK ORDER NO: 2 
MATERIAL: Native LAB NO: 2 
SAMPLE SOURCE: On-Site DATE SAMPLED: 07/09/01 
SAMPLE PREP: Insitu 


a 


MEASUREMENT OF HYDRAULIC CONDUCTIVITY OF SATURATED POROUS MATERIALS 
USING A FLEXIBLE WALL PERMEAMETER 


ASTM 05084 
METHOD A 
AVERAGE PERMEABILITY, cm/sec 1.7E-07 
INITIAL LENGTH OF SPECIMEN, in. 4.15 
INITIAL DIAMETER OF SPECIMEN, in. 2.88 
INITIAL WATER CONTENT. % 10.9 
INITIAL DRY UNIT WEIGHT, pcf 105.9 
INITIAL VOLUME, cu.in. 26.9 
PERMEANT LIQUID Deaired water 
MAGNITUDE OF TOTAL BACK PRESSURE, psi 73 
EFFECTIVE CONSOLIDATION STRESS, psi § 
HYDRAULIC GRADIENT USED, in/in 26.7 
FINAL LENGTH OF SPECIMEN, in. 4.15 
FINAL DIAMETER OF SPECIMEN, in. 2.83 
FINAL WATER CONTENT, % 20.1 
FINAL DRY UNIT WEIGHT, pef. 107.9 
FINAL VOLUME, cu. in. 26.1 
DEGREE OF SATURATION BEFORE TEST, % 51 
DEGREE OF SATURATION AFTER TEST,% 100 
SPECIFIC GRAVITY USED IN CALCULATIONS OF SATURATION 2.65 
TIME INTERVAL K K 
(MIN) cm/sec f/yr 
60 4.74E-07 0.18 
80 1.66E-07 0.17 
60 1.74E-07 0.18 
63 1.66E-07 0.17 


P2 


PROJECT: 
LOCATION: 
MATERIAL: 


ALPHA Geotechnical & Materza:s. fne. 


RAINBOW VALLEY LANDFILL. 
MARICOPA COUNTY Ax 
NATIVE 


JOB NO: 
WORK ORDER NC: 
LAB NO: 


07 -£-O0050 


it 
4 


SAMPLE SOURCE: OW-SITE DATE SAMPLED: CSC 


MAXIMUM ORY DENSITY 


MOISTURE DENSITY RELATION 


ASTM D698 


112.5 PCF 


METHOD 


OPTIMUM MOISTURE CONTENT 


144% 


CURVE 
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PERCENT MOISTURE 
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ALPHA Geotechnical & Materi:ls, Inc. 


PROJECT: Rainbow Valley Landfill JOB NO: 01-A-00050 
LOCATION: Maricopa County, AZ WORK ORDER NO: 1 
MATERIAL: Native LAB NO: 1 
SAMPLE SOURCE: On-Site DATE SAMPLED: 05/09/01 
SAMPLE PREP: 95% of Max @ 2% Below Optimum 


MEASUREMENT OF HYDRAULIC CONDUCTIVITY OF SATURATED POROUS MATERIALS 
USING A FLEXIBLE WALL PERMEAMETER 


ASTM D5084 
METHOD A 
AVERAGE PERMEABILITY, cm/sec 4.ZE-06 
INITIAL. LENGTH OF SPECIMEN, in. 4.56 
INITIAL DIAMETER OF SPECIMEN, tn. 4.09 
INITIAL WATER CONTENT, % 12.5 
INITIAL DRY UNIT WEIGHT, pcf 106.6 
INITIAL VOLUME, cu.in. 57.3 
PERMEANT LIQUID Deaired waiter 
MAGNITUDE OF TOTAL BACK PRESSURE, psi 74.5 
EFFECTIVE CONSOLIDATION STRESS psi 5 
HYDRAULIC GRADIENT USED, in/in 6.1 
FINAL LENGTH OF SPECIMEN, in. 4.58 
FINAL DIAMETER OF SPECIMEN, in 4.02 
FINAL WATER CONTENT, % at 
FINAL DRY UNIT VWWEIGHT, pet. 404.9 
FINAL VOLUME, cu. in. 58.1 
DEGREE OF SATURATION BEFORE TEST, % 60 
DEGREE OF SATURATION AFTER TEST, % . 100 
SPECIFIC GRAVITY USED IN CALCULATIONS OF SATURATION 2.65 
TIME INTERVAL K K 
(MIN) cm/sec tyr 

15 4.29E-06 4.44 

15 4.29E-06 4.44 

15 4.29E-06 4.44 

15 4.06E- 06 4.20 
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ALPHA Geotechnical & Waterials, Inc. 


PROJECT: RAINBOW VALLEY LANDFILL JOB NUMBER: 01-4-00059 
LOCATION: MARICOPA COUNTY, AZ WORK ORDER NO: 1 
MATERIAL: NATIVE LAB NO: 1 

SAMPLE SOURCE; ON-SITE DATE SAMPLED: 05/0S/01 


MECHANICAL SIEVE ANALYSIS (ASTM C136 & C117) 
ATTERBERG LIMITS (ASTM D4318) 


MECHANICAL ANALYSIS 


SIEVE SIZE % PASSING ATTERBERG LIMITS 

6 IN 100 

41N 100 th: 34 

3 IN 100 Ble 14 
2 IN 100 
11/27. 1N 100 
1 IN 100 
3/4 IN 100 
1/2 IN 16€ 
3/8 IN 106 
1/4 IN 38 
Hed & 
#8 $5 
#10 $4 
#16 89 
#30 80 
#40 73 
#50 66 
#100 53 
#200 40 
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AMIMMT:rC CONSULTING, INC. 


GEOTECHNICAL e ENVIRONMENTAL TESTING e INSPECTION e LABORATORY SERVICES 


Grain Size Analysis/Atterberg Test Results 
Rainbow Valley Landfill 


Sample #1 


Sieve No. % Passing 


Liquid Limit = 32 
Plasticity Index = 12 


Sample #2 
oenese aera 
=a 
«50 


Liquid Limit = 36 
Plasticity Index = 14 


Sample #3 


Liquid Limit = 40 
Plasticity Index = 17 


2447 W 12" Street, Suite 1 Tempe, AZ 85281 Phone: (480) 927-9696 Fax: (480) 927-9797 TEC 
C:\AMMTECProjects\Phoenix\PX_1001001\04\Rainbowsve.doc 


AMETEC CONSULTING, INC. 


GEOTECHNICAL * ENVIRONMENTAL TESTING « INSPECTION * LABORATORY SERVICES 
Laboratory Moisture Density - ASTM D698 


Date: 6-Aug-01 Soil description: Clayey Sand (SC), Fine Grained, Brown 


Project: Rainbow Valley Landfill Project Number: PX 1001001.04 
Glenn Weinberger, Inc. Collected: Sample #1 
Collected by: AEM 


Wmold = 4.458]Lbs 
Weight of Weight of |  WaterContent [ == = [| | wetunit 


full mold | soil (wet) | Container + | Container + Mdry Ww weight 
wet sample | dry sample 
(Lbs) (Lbs) (Lbs) (Lbs) (Lbs) (%) (pcf) 


Optimum Moisture Content: (%) 
Maximum Desity: 112.2] (pcf) 


Density (pcf) 


105.0 
6.0% 8.0% 10.0% 12.0% 140% 16.0% 18.0% 


Percent Moisture (%) 


2447 W 12" Street, Suite 1 Tempe, AZ 85281 Phone: (480) 927-9696 Fax: (480) 927-9797 4g, 
F:C:MMTEC\MATERIALS\SOILS\Std Proctor D-698 _80601Sample 4 sia 


AMETEC CONSULTING, INC. 


GEOTECHNICAL ¢ ENVIRONMENTAL TESTING ¢ INSPECTION ¢ LABORATORY SERVICES 
Laboratory Moisture Density - ASTM D698 


Date: 6-Aug-01 Soil description: Clayey Sand (SC), Fine Grained, Brown 


Project: Rainbow Valley Landfill Project Number: | PX 1001001.04 
Glenn Weinberger, Inc. Collected: Sample #2 
Collected by: AEM 


Wmold = Lbs 
| WaterContent_ | | 
Container + | Container + Mary Ww 
wet sample | dry sample 
(Lbs) (Lbs) (Lbs) (%) (pef) (pcf) 
128.7 
1.760 


wet unit 
weight 


Weight of | Weight of 


Optimum Moisture Content: (%) 
Maximum Desity: 113.9} (pcf) 


= 
o 
o. 
— 
> 
om 
2 
= 
o 
a 


6.0% 8.0% 10.0% 12.0% 140% 160% 180% 20.0% 
Percent Moisture (%) 


2447 W 12" Street, Suite 1 Tempe, AZ 85281 Phone: (480) 927-9696 Fax: (480) 927-9797 4g, 


F:C:\AMMTEC\MATERIALSI\SOILS\Sid Proctor D-698 _80601Sample 2 aid 


ARMRATEC CONSULTING, INC. 


GEOTECHNICAL * ENVIRONMENTAL « TESTING ¢ INSPECTION « LABORATORY SERVICES 
Laboratory Moisture Density - ASTM D698 


Date: 6-Aug-01 Soil description: Clayey Sand (SC), Fine Grained, Brown 


Project: Rainbow Valley Landfill Project Number: — PX 1001001.04 
Glenn Weinberger, Inc. Collected: Sample #3 
Collected by: AEM 


Wmold = 4.458}Lbs 
Weight of |Weight of| _WaterContent | [ss wet unit 


full mold | soil (wet) | Container + | Container + Mdry WwW weight 
wet sample | dry sample 
(Lbs) (Lbs) (Lbs) (Lbs) (Lbs) (%) (pcf) 


“1.694 3 
i755] 14.2%] 125.3 1007 | 


Optimum Moisture Content: 
Maximum Desity: 109.7} (pcf) 


Density (pcf) 


105.0 


6.0% 8.0% 10.0% 12.0% 14.0% 16.0% 18.0% 


Percent Moisture (%) 


2447 W 12” Street, Suite 1 Tempe, AZ 85281 — Phone: (480) 927-9696 Fax: (480) 927-9797 tg, 
F:C:\AMMTEC\MATERIALS\SOILS\Std Proctor D-698 _80601Sample 3 
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PROJECT DOCUMENTATION 


AMMTEC CONSULTING, INC. 


GEOTECHNICAL e ENVIRONMENTAL e TE! TESTING INSPECTION ¢ LABORATORY SERVICES 


FIELD FORM PAGE _\_oF_\ 


Project No: PX-1001.001.04 Project Name: Cell 1B Construction 


Location: Rainbow Valley Landfill 


Date: 04- }4-ol Form Completed by: +A) 


Weather Conditions: ae 1 Clear 


Site Conditions: Clear Worl, Aycas 


Equipment Used: é \ 


Field Notes: Ai]. vie w} Ss [: ie: 


SSA. Operstios Lower comple and 
cree Berm _ for stormwechis comro| Is - od at cast bosendaty 
( 5! het act 


es va {D. vox. Is 
ee 


re 


2427 W 12" Street, Suite 1 Tempe, AZ 85281 Phone: (480) 927-9696 Fax: (480) 927-9797 TEC 


AM MTEC CONSULTING, INC. 


GEOTECHNICAL ¢ ENVIRONMENTAL « TESTING e INSPECTION ¢e LABORATORY SERVICES 


FIELD FORM PAGE _] oF _| 


Project No: PX-1001.001.04 Project Name: Cell 1B Construction 


Location: Rainbow Valley Landfill 


Date: 09 -18-ol Form Completed by: <TMLU 


Weather Conditions: Sunny, Cleac 


Site Conditions: Clie veaclet ( 


Equipment Used: Ss Bel 


Field Notes: 2 : s C , hie sa be 


Laser installed . Caynilio~. ok Ay srt, exeo & also 
Opty will’ Sov ‘Low! gots and 
il\ ingly. Akso berm install + begin ot Last and 
Worn ound artes, al Coll ie 


2427 W 12" Street, Suite 1 Tempe, AZ 85281 Phone: (480) 927-9696 Fax: (480) 927-9797 ec" 


AMMTrc CONSULTING, INC. 
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GEOTECHNICAL e ENVIRONMENTAL e TESTING e INSPECTION e LABORATORY SERVICES 


FIELD FORM PAGE _|_ oF _| 


Project No: PX-1001.001.04 Project Name: Cell 1B Compacted Soil Layer (Liner) Installation 
Location: Rainbow Valley Landfill 


Date: 04- |q-ol Form Completed by: ML 
Weather Conditions: Sunny , Clear | occasional light wing 
Site Conditions: 


Clear wor King Otay 


Equipment Used: S ee 


Field Notes: 


Approx mokele TSlo of remiduning Flown arco Van 
i ae eessdlen Lawyer 


2427 W 12" Street, Suite 1 Tempe, AZ 85281 Phone: (480) 927-9696 Fax: (480) 927-9797 TEC 


AM MTEC CONSULTING, INC. 


a AN RR ALES ANA RS 


GEOTECHNICAL « ENVIRONMENTAL TESTING « INSPECTION * LABORATORY SERVICES 


FIELD FORM PAGE _! OF _1 


Project No: PX-1001.001.04 Project Name: Cell 1B Compacted Soil Layer (Liner) Installation 


Location: Rainbow Valley Landfill 


Date: 13 SEP O\ Form Completed by: TMt 


tes oma 
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WATER QUALITY DATA EVALUATION 
HERMIT MINE SITE 


1.0 INTRODUCTION 


Canonie Environmental Services Corp. conducted a water quality data evalua- 
tion for Energy Fuels Nuclear, Inc.’s (EFN) Hermit Mine site in Fredonia, 
Arizona. The purpose of the evaluation was to determine potential causes 
of unanticipated exceedances of ground water quality standards for water 
samples collected from the monitor/production well (Well Registry No. 55- 
518877) at the Hermit Mine site. 


1.1 Background 


The evaluation is part of EFN’s program of proposed actions to determine 
the causes of the unanticipated exceedances of water quality standards 
established for the site. The program was presented in the document en- 
titled "Hermit Mine, Groundwater Monitoring Report, Mining Phase" dated 
February 12, 1990 (EFN, 1990) that was submitted to the Arizona Department 
of Environmental Quality in accordance with the Hermit Mine Groundwater 
Quality Protection Permit (Permit) requirements for reporting. As dis- 
cussed in the report, exceedances of the Maximum Groundwater Limits (MGLs) 
were identified for water quality samples collected from the monitoring 
well during the Mining period (September 1989 through December 1989). 
Exceedances of the MGLs continued to occur into the Post-Mining period 
prior to the initiation of this program (February 1990 through August 
1990). 


Table 1.1 presents a summary of the MGLs and the water quality data re- 
ported for the Mining and Post-mining periods. The samples were analyzed 
for total concentrations, except for the constituents that are shown boxed 
on Table 1.1, which were analyzed for dissolved concentrations. Exceed- 
ances of the MGLs are indicated as shaded values. As shown, concentrations 
of uranium have consistently exceeded the MGLs in the water samples except 
for sample HER 066 collected and analyzed in June 1990. Additionally, 15 
other parameters or constituents, including specific conductance, alkalin- 
ity, bicarbonate, chloride, phosphate, calcium, magnesium, potassium, 
sodium, barium, iron, manganese, gross beta, radium-226, and thorium-230, 


Canonielnviromental 


were reported in concentrations exceeding the MGLs in one or more samples 
during this same time period. 


Several potential causes of the exceedances were discussed in EFN’s report 
(EFN, 1990) including: 


1. Increased sediment in the water; 


2. Errors due to sampling and/or analytical procedures and 
variability; and 


3. Natural conditions or seasonal changes in water quality due to 
factors such as variable precipitation. 
Mining activities, e.g., seepage from the mine, were not discussed as a es 
potential cause of the exceedances because of the physical separation Of \ot proven 
the mine workings from the aquifer by more than 1,000 feet of impermeable ;"corsey'® 
material. A discussion of the effectiveness of the physical barrier was icine 
included in the EFN’s February 1990 report (EFN, 1990). permeable at 


other mines on 
northside of 
GCNP 

EFN implemented this program to evaluate whether the increased sediment 

and/or the sampling/analytical procedures could be the cause of the ex- 


ceedances. The evaluation consisted of the following four tasks: 


1. Task 1 - Review of existing water quality data to identify trends 
or patterns, particularly an increasing trend in constituent 
concentrations indicating that mining caused a deterioration in 
water quality. 


2. Task 2 - Review of sample collection and handling procedures to 
determine whether the procedures followed generally accepted 
practices and, if not, evaluate whether the exceedances could be 
the result of a failure to implement adequate collection or han- 
dling procedures. 
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3. Task 3 - Imp?omentation of a laboratory Quality Assurance/Quality 
Control (QA/QC) program to identify potential laboratory 
analytical error and evaluate whether the exceedances could be 
related to any errors identified. 


4. Task 4 - Review of water quality standards to evaluate the ap- 
propriateness of the standards contained in the Permit, particu- 
larly for the radionuclide constituents. 


1.2 Summary of Results 


The results of the water quality data evaluation indicated that the water 
quality at the Hermit Mine site has not deteriorated as a result of mining 
activities and that the exceedances of the MGLs for constituents measured 
in the water samples from the monitor/production well were the result of a 
combination of increased sediment load and improper sample collection 
procedures. This conclusion is based on the following factors: 


1. The quality of the water in the mine, represented by the samples 
from the sump, is similar to the quality of the aquifer, repre- 
sented by the samples from the well. The only exceptions are the 
radionuclides, nitrate, and arsenic which are present in the sump 
water in concentrations 10 to 10,000 times higher than the con- 
centrations measured in the well water, and iron and manganese 
which are present in the sump water in concentrations 2 to 40 
times lower than in the well water. 


2. If seepage from the mine were the source of the exceedances in the 
well water, then the constituents that are present in the highest 
concentrations in the sump water as compared to the concentrations 
in the well water (radionuclides, nitrate, and arsenic) would be 
expected to exhibit increasing concentrations (and exceedances of 
the standards) in the well water after mining operations com- 
menced. However, radionuclide concentrations, which exhibit the 
highest contrast in concentrations between the sump water and the 
well water, do not show a trend of increasing concentrations after 
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Fe & Mn could be 
due to oxidation of 
sulfide mineralization 
from groundwater 
flowing down pipe 


mining activities commenced. Rather, the exceedances that are 
reported are erratic as the reported concentrations fluctuate at 
levels below and above the MGLs. Also, the concentrations of 
nitrate and arsenic remained stable at levels below the MGLs 
throughout the Mining and Post-mining periods. 


As a contrasting argument, if seepage from the mine was the cause 
of the exceedances of the MGLs in the well water, then constitu- 
ents such as iron and manganese, which are present in the sump 
water in concentrations several times lower than the concentra- 
tions in the well water, would not be expected to show a trend of 
increasing concentrations or exceedances of the MGLs after mining 
operations commenced. However, both iron and manganese are re- 
ported in concentrations exceeding the MGLs for 60 to 100 percent 
of the well water samples collected during the Mining and Post- 
mining periods. 


A trend of increasing constituent concentrations was evident 
during the Pre-mining period, prior to commencement of mining 
operations. This trend continued into the first months of the 
Mining period, after which concentrations stabilized. 


The increase in constituent concentrations and exceedances of MGLs 
reported during the Mining period coincide with an increase in the 
sediment in the water that began during the Pre-mining period. 


The sediment load in the water, as indicated by the concentrations 
of total suspended solids (TSS), increased from very low levels [9 
to 14 milligrams per liter (mg/1)] during the Pre-Mining period to 
higher levels (40 to 90 mg/1) during the Mining and Post-mining 
periods. 


The volume of water purged prior to sample collection was three 


casing volumes for this evaluation as compared to only one casing 
volume for previous sample collection events. 
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8. The number of constituents reported in concentrations exceeding 
the standards was 1 for the three replicate samples collected 
for this evaluation, as compared to 2 to 7 constituents for pre- 
vious sampling events. Also uranium did not exceed the MGLs in 
the three replicate samples analyzed for this evaluation in con- 
trast to past analyses where uranium concentrations exceeded the 
MGLs in 9 out of 10 samples. 


9. The analytical precision and accuracy quantified from the labora- 
tory QA/QC program was acceptable for almost all the constituents 
analyzed. 


Also, the evaluation indicates that water quality standards are inappropri- 
ately applied to certain constituents, in particular gross alpha and gross 
beta. According to the National Interim Primary Drinking Water regulations 
Part 141.15(a) and Part 141.15(b), gross alpha and gross beta activities 
are included in water quality analyses to screen for the presence of alpha- 
and beta-emitting radionuclides. Once the screening identifies the pre- 
sence of the radionuclides, then the gross alpha and gross beta analyses 
can be eliminated and only the alpha- and beta-emitting radionuclides are 
monitored. Gross alpha reported by mine are questionable. 

For example, 8/1998 sampling gross alpha (9 pCi/L) is lower than Ra226 (10.99 pCi/L) 
Rather than determining the gross alpha and gross beta activities from the 
screening analytical procedure, they can be calculated from the measured 
concentrations of the radionuclides. Since the screening technique is not 
accurate, analysis of the radionuclide concentrations provides a more 
accurate estimate of the gross alpha and gross beta activities. 


Furthermore, a standard is normally applied to gross beta only if man-made 
radionuclides such as strontium or tritium are present. Since no man-made 
radionuclides are present at the Hermit Mine site, the application of a 
gross beta standard is not appropriate. 
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1.3. Recommendations 


Based on the results of the evaluation, several recommendations were devel - 
oped to improve the quality and reliability of the water quality monitoring 
program for the Hermit Mine site. These recommendations include the 
following: 


1. Purge a minimum of three casing volumes prior to sampling the 
well. 


2. Monitor the indicator parameters, pH, specific conductivity, and 
temperature during the purging process. A difference of 10 per- 
cent or less between measurements taken at the beginning and end 
of the third casing volume purge will indicate that an adequate 
volume has been purged. 


3. Order reanalysis of any constituents that are reported in con- 
centrations exceeding the standards to minimize the exceedances 


that may be related to laboratory error. 


4. Eliminate gross alpha and gross beta from the list of constituents 
monitored under the Permit. 
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2.0 WATER QUALITY DATA EVALUATION 
The water quality data evaluation consisted of the following four tasks: 
1. Task 1 - Review of existing water quality data; 
2. Task 2 - Review of sample collection handling procedures; 
3. Task 3 - Implementation of a laboratory QA/QC program; and 
4. Task 4 - Review of water quality standards. 
A description of these tasks is provided in the following sections. 


2.1 Task 1 - Review of Existing Water Quality Data 


A review of existing water quality data was conducted to determine whether 
any trends or other indications of water quality deterioration were evi- 
dent. The review focused on determining whether trends could be identified 
that indicated that the exceedances of the standards were consistent and 
could be related to a cause such as an introduction of contaminated water 
from the mining activities. 


For example, an increasing trend in the concentration of metals and radio- 
nuclides would be expected if mine water migrated into the aquifer. As 
stated in the Permit, the purpose of the Mining and Post-mining water 
quality monitoring is to determine: 


1. What impacts, if any, the mining operation is having on the ground 
water quality (of the Redwall-Muav aquifer); and 


2. The effectiveness of the closure activities (to prevent impacts on 
ground water quality after the mine is closed). 


If the mining were to have an impact on water quality, the impact would be 
an increase in constituent concentrations, measured in the monitoring well. 
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Increases in constituent concentrations would be expected for certain 
metals and radionuclides which are present in higher concentrations in the 
mine water than in the aquifer. Therefore, a trend of increasing con- 
centrations of metals and radionuclides after mining operations started 
would indicate that mine water was contaminating the aquifer. Similarly, 
if mine closure activities were not effective in preventing the migration 
of mine water to the aquifer, then constituent concentrations would be 
expected to increase or continue to increase after mining operations 
ceased. 


The review showed that the quality of the water in the mine is similar to 
the quality of the water from the well. The only exceptions are nitrate, 
arsenic, and the radionuclides which are present in the mine water in 
concentrations exceeding the ambient quality of the aquifer (as represented 
by the MGLs) by one to four orders of magnitude. If mine water had im- 
pacted the quality of the aquifer, concentrations of these constituents 
would be expected to reflect an increasing trend in concentrations . How- 
ever, these constituents did not exhibit increasing concentrations in the 
Mining and Post-mining periods. Rather, the concentrations either fluc- 
tuated at levels exceeding the MGLs (e.g. the radionuclides) or remained at 
concentrations below the MGLs (e.g. nitrate and arsenic). 


The review also indicated that the exceedances are in part related to the 
increased sediment load in the water. The trend of increasing constituent 
concentrations evident during the Pre-mining period coincides with an 
increase in the amount of sediment in the water as indicated by increasing 
TSS concentrations and observations by EFN personnel. 


The following sections provide a discussion of the database used and a 
description of the review process. 


2.1.1 Database 


The database used for the review consisted of the analyses of samples 
collected from the well prior to mining (Pre-Mining), during mining 
(Mining), and after mining ceased (Post-Mining) and from the mine sump 
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during Mining. Five quarterly samples were collected from the monitor well 
during the Pre-Mining period (April 1988 to May 1989). The Mining period 
samples, including four samples from the mine sump and four from the well, 
were collected between June 1989 and December 1989. Finally, a total of 
six well samples and one sump sample have been collected during the Post- 
Mining period since January 1990. 


In accordance with the Permit, the analyses of the Pre-Mining samples from 
the well were used to characterize the ambient water quality and to estab- 
lish MGLs for water samples from the mine site monitor well. The Pre- 
Mining samples were all analyzed for total rather than dissolved concentra- 
tions of constituents. As a result, the MGLs established for the site are 
for total concentrations. Therefore, for the evaluation of trends, only 
the Mining and Post-mining samples that were analyzed for total constituent 
concentrations were included. 


Analytical results for dissolved concentrations were not included in this 
evaluation because the sample preparation for dissolved constituents is 
different from the procedure for total constituents and the analytical 
results are not comparable. Samples for analysis of dissolved constituents 
(metals) are filtered prior to preservation with acid. The filtration 
process removes sediment or suspended solids. 


In contrast, samples prepared for analysis of total metals are not filtered 
prior to acidification. As a result, total metals concentrations may be 
higher than dissolved concentrations because metals adsorbed to or con- 
tained in the sediment/suspended solids can be added to the sample water by 
the acidification process. Therefore, inclusion of the dissolved metals 
analytical results would confuse the interpretation of the data, especially 
evaluation of changes in concentration over time (trends), since these 
results can represent different water quality conditions than those repre- 
sented by the total concentration results. 


Table 2.1 lists the data that were used in the evaluation. Note that 
dissolved concentrations of metals were analyzed for samples HER-061 
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through HER-069. Therefore, no metals concentrations are reported for 
these samples. 


2.1.2 Data Review 


The first step in the evaluation consisted of a comparison of the quality 
of the water from the aquifer (i.e. the well) and from the mine (i.e. the 
mine sump). The mine sump samples represent the quality of the water that 
would impact the aquifer quality if communication between the mine and the 
aquifer existed. Table 2.1 presents the analytical results for the water 
samples collected from the sump and the well during the mining period. 
Sampling of the sump was not required under the Permit after mining opera- 
tions ceased. 


Review of Table 2.1 shows that the quality of the water in the sump is 
similar to the water in the well with the exception of nitrate, several 
metals and the radionuclides. For example, sulfate concentrations measured 
in the well ranged from 1150 mg/1 to 2310 mg/1 with 90 percent of the 
values falling in the range of 2240 mg/1 to 2300 mg/1. Sulfate concentra- 
tions in the sump water ranged from 2180 mg/1 to 2300 mg/1 with an average 
concentration of 2243 mg/1. The metals concentrations in the sump and well 
water were either the same or, in one or two of the samples, differed by no 
more than 50 percent. 


In contrast, the concentrations of nitrate, arsenic, and radionuclides in 
the samples from the mine sump were 10 to 10,000 times higher than the 
concentrations in the well water. As shown in the table, concentrations of 
the radionuclides exhibited the greatest magnitude of difference in con- 
centration (3 to 4 orders of magnitude) between the sump water and the well 
water. Nitrate concentrations in the sump water were in the range of 6.0 
mg/1 to 51.3 mg/] whereas the concentrations in the well water were below 
the detection limit of 0.1 mg/l. These concentrations are also 8 to 64 
times higher than the background levels of the well water represented by 
the MGL of 0.8 mg/1. Finally, the arsenic concentrations in the sump water 
ranged from 0.205 mg/1 to 1.09 mg/1 which is 8 to 40 times higher than the 
background concentration of 0.204 mg/1. 
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If communication between the mine and the aquifer did exist, then evidence 
for the communication would be an increase in the concentrations of those 
constituents in the highest concentrations in the sump water as compared to 
the same constituents in the well water. As discussed above, these con- 
stituents are the radionuclides, nitrate, and arsenic. 


However, as shown in Table 2.1, nitrate concentrations in water samples 
from the well remained below both the MGL and the detection limit and 
arsenic concentrations remained 3 to 6 times below the MGL throughout the 
Mining and Post-mining periods. Of the radionuclides, only uranium was 
reported in concentrations that consistently exceeded the MGL throughout 
the Mining and Post-mining periods. The remaining radionuclides either did 
not exceed the MGLs (gross alpha) or exhibited erratic exceedances (gross 
beta, radium-226, and thorium-230). The fact that the well water does not 
exhibit an increase in the concentrations of the constituents of highest 
contrast in concentration indicates that a source other than mining ac- 
tivities is the cause of the exceedances in the well water. 


A contrasting argument also provides support for the conclusion that a 
source other than communication between the mine and the aquifer is the 
cause of the exceedances in the well water. Review of Table 2.1 shows that 
two additional constituents, iron and manganese, are also present in sub- 
stantially different concentrations in the sump water as compared to the 
well water. However, in contrast to the previous discussion, the con- 
centrations of these two constituents in the sump water are less than in 
the well water. Iron concentrations in the sump samples ranged from 0.11 
mg/1 to 0.29 mg/1, which is 10 to 100 times lower than the concentrations 
in the well water. Similarly, manganese concentrations ranged from 0.04 
mg/1 to 0.08 mg/1, which is 2 to 5 times lower than the concentrations in 
the well water. 


Since the concentrations of these two constituents are much lower in the 
sump water than in the well water, an increase in their concentrations in 
the well water could not be caused by seepage of water from the mine. 
Therefore, an increase in concentration of these two constituents in the 
well water during the Mining and Post-mining periods would indicate that a 
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mechanism other than mine seepage was causing the increase. Review of 
Table 2.1 shows that the concentrations of iron and manganese exceeded the 
MGLs in 60 percent and 100 percent, respectively, of the well water samples 
collected during the Mining and Post-mining periods. These exceedances 
indicate that the quality of the aquifer changed as a result of causes 
unrelated to the mining activities. 


One of the potential causes of the exceedances in the well water is the 
increased sediment in the well. A discussion of the increased sediment was 
first addressed in EFN’s mining phase report (EFN, 1990) that identified 
the exceedances of the MGLs and presented the proposed program for evaluat- 
ing the exceedances. According to EFN personnel, the increased sediment 
became noticeable in January and February 1989 because of a color change 
from clear to red and deposition of sediment in the components of the pump 
that are located at the ground surface. Color change to red could be a result of dissolved 
Fe precipitating back out of solution 
Review of Table 2.2 confirms the observations made by EFN personnel that 
the sediment load increased during the Pre-mining period. Concentrations 
of TSS for the three samples collected prior to January/February 1989 
ranged from 9 mg/1 to 18 mg/l. The concentrations of TSS increased 5 to 10 
times (to 88 mg/1) in the sample collected in May 1989. Concentrations of 
TSS remained high into and through the Post-mining period. Analyses of TSS 
were not conducted during the Mining period. However, concentrations re- 
ported for the Post-mining period ranged from 42 mg/1 to 93 mg/1 with an 
average of 6] mg/1. 


Assuming that the the sediment was the cause of the exceedances of the 
MGLs, increases in constituent concentrations would be expected to coin- 
cide with increased concentrations of TSS. To determine whether such a 
relation exists, concentrations of TSS, uranium, iron, and manganese were 
plotted on a graph. Figure 2-1 illustrates the resulting graphs. 


The figure clearly illustrates that the increased concentrations of TSS 
coincide with increases in the concentrations and with the exceedances of 
the MGLs noted for the three metals. Note that all three metals show a 
trend of increasing concentrations during the Pre-mining period, when TSS 
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concentrations also increased. TSS concentrations remained elevated into 
the Post-mining period and the concentrations of the three metals also 
remained higher during this time as compared to the Pre-mining period. 


The figure also shows that the concentrations of dissolved uranium were an 
order of magnitude less than the concentrations of total uranium. If no 
sediment or suspended solids are present in the water, these two concentra- 
tions are very similar. However, as discussed in the beginning of this 
section, total concentrations can be higher than dissolved concentrations 
if sediment in the water contributes additional metals (uranium is con- 
sidered to behave as a metal chemically) during the acidizing process. 
Therefore, the contrast between the total and dissolved uranium concentra- 
tions provide further evidence of the presence of the sediment in the 
water. 


In summary, the review of the existing data clearly indicates that sediment 
in the well water is one of the causes of the exceedances of the MGLs and 
that the exceedances are not related to mining activities. Other poten- 
tial causes of the exceedances will be evaluated in the following sections. 


2.2 Review of Fiel mpling Procedur 


A review of the field sample collection procedures was conducted to deter- 
mine whether the procedures follow generally accepted practices. Sampling 
procedures were also evaluated to determine whether they could be a cause 
of the exceedances. 


The field sample collection procedures used by EFN follow the provisions of 
the Permit. Overall, the sample collection and handling procedures used 
should minimize any error. However, in accordance with the Permit monitor- 
ing requirements, only one casing volume is being purged prior to sample 
collection. One casing volume may not be sufficient to remove all the 
stagnant water in the well and, as a result, the collected water samples 
may not have been of consistent quality or representative of the formation 
water. Removal of the stagnant water is especially a concern in light of 


Canonielnvirmmental 


14 


the results or the previous task which indicated that sediment in the water 
may have caused the exceedances. 


Thorough flushing (purging) is necessary to obtain representative ground 
water samples. A thorough purge is an effort to fill the well with fresh 
formation water. According to Wilson and Rouse (1983), the quality of 
standing or stagnant well water may differ from formation water; therefore, 
purging is necessary to ensure that the sample is fresh water representa- 
tive of aquifer conditions. 

The well is not fully cased, what volume of water is considered a casing volume? 
The number of casing volumes that need to be purged varies depending on the 
well construction and the transmissivity of the aquifer (the rate at which 
water can be transmitted through a unit thickness of the aquifer), but the 
minimum number recommended is three casing volumes. The Environmental 
Protection Agency (EPA), in the document entitled "RCRA Ground-Water Moni- 
toring Technical Enforcement Document" (EPA, 1986), recommends that three 
casing volumes be purged. Removal of at least four well casing volumes is 
recommended by a number of authors studying monitor well purge phenomena 
(Gibb, 1984; Shuller, et al., 1981; Keith, et al., 1983; Giddings, 1983; 
Urwin and Huis, 1983; Wilson and Rouse, 1983; Schmidt, 1982; Seanor, 1984; 
Seanor and Brannaka, 1983; Scalf, et al., 1981; United States Geological 
Survey, 1980). 


The above-listed authors also generally recommend monitoring of the in- 
dicator parameters (temperature, pH, and specific conductivity) during the 
purging process to determine when the water quality has stabilized. The 
EPA (1986) also requires that these parameters be monitored as part of the 
purging process. Stabilization of the parameters provides an indication 
that the stagnant water has been removed and that clean formation water is 
being pumped. However, past sampling procedures have not included monitor- 
ing for the indicator parameters. As a result, verification that the water 
quality is stable and representative of the formation water has not been 
possible. 


Table 2.3 presents a comparison between new data obtained from three ground 
water replicate samples collected for this evaluation and previous ground 
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@ water quality data. Th: samples for this program were collected after 
purging approximately three casing volumes rather than one volume as in 
previous sample collection events. The comparison was made by comparing 
the number of constituents that exceeded the MGLs for each sample. 


The results of the comparison indicate that the erratic exceedances of the 
MGLs in the Mining and Post-mining water quality data were due to insuffi- 
cient purge volume. As shown in Table 2.3, only one constituent, gross 
beta, was reported in concentrations exceeding the MGLs for the three 
replicate samples collected during this evaluation. In contrast, the table 
shows that in the past a total of 15 different constituents have been 
reported in concentrations exceeding the MGLs. The most notable improve- 
ment was exhibited by uranium which did not exceed the MGLs in the samples 
collected for this evaluation whereas previously concentrations of uranium 
exceeded the standards in 9 out of 10 samples. 


Review of Table 2.1 shows that samples collected in the past had 2 to 7 
e constituents reported in concentrations exceeding the MGLs as compared to 
only one constituent in this set of samples. The fact that only one ex- 
ceedance is evident for samples collected during this evaluation, and 2 to 
7 times that number of exceedances were evident during previous sample 
& collection events, indicates that the insufficient purging procedures 
effected the analytical results. Also, the exceedances that were evident 
= in the previous samples were present as erratic fluctuations from low 
flucuations do Concentrations to high, indicating that the water quality was changing over 
ect gencrally the short time periods of one to three months between sampling events. 


occur naturally. 


Erratic fluctuations in water quality do not normally occur if a contami- 
OS Pies Aare me 


lateral flownot nant source, such as the mine, is the cause of the change in water quality. 


vertical flow. Consequently, one casing volume appears not to be sufficient to remove all 
els statement i¢he stagnant water in the well. 

is questionable. 
Support for this conclusion is provided by preliminary data from samples 
collected after sample collection for this evaluation in October 1990. The 
graph of uranium concentrations presented on Figure 2-1 includes data for 
samples collected in November and December, 1990, and January, 1991. The 
samples were collected after a minimum of three casing volumes was purged 
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from the well. As shown, the co--entrations of uranium for all three 
samples were below the MGL and were even lower than the concentrations 
reported during the Pre-mining period. 


Also, the concentration of TSS in the three replicate samples was 4 mg/1, 
as compared to an average of 61 mg/1 for the five Post-mining water quality 
samples collected prior to this evaluation. The additional purge volumes 
helped to remove the sediment that was in the stagnant water in the well. 


Future sample collection events using the higher purge volume of at least 
three casing volumes and monitoring of the indicator parameters during 
purging will verify this conclusion. 


- Lab val i 


The evaluation of laboratory analytical performance was conducted to sat- 
isfy the following: 


1. To assess the analytical accuracy of the analytical laboratory; 


2. To determine the analytical laboratory’s internal level of 
precision; 


3. To assess the variability of sample results that may result from 
sample transport and/or sample handling in the laboratory; and 


4. To compare the analytical laboratory’s accuracy performance with 
an independent laboratory. 


Samples were submitted to Barringer Laboratories, Inc. (Barringer), the 
Taboratory that typically conducts the analyses of the Hermit Mine water 
quality samples. The independent laboratory used in the evaluation was 
AccuLabs Research, Inc. (AccuLabs). #2 
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2.3.1 Program Design 


The laboratory QA/QC evaluation was designed to evaluate the performance of 
the laboratory in analyzing the constituents that are required in the 
Permit. Table 2.4 lists the analytes that were included in the evaluation. 
This evaluation was based on the analysis of the following five types of 
QA/QC samples: 


1. Spike samples; 

2. Spike sample replicates; 

3. Ground water sample replicates; 

4. Trip blank samples; and 

5. Field blank samples. 
All the QA/QC samples were shipped to Barringer and AccuLabs from the field 
and were "blind," or indistinguishable from ordinary ground water samples 
in labeling and packaging, so the laboratories could not identify them as 


QA/QC samples. 


An explanation of the purpose of each of the sample types is provided 
below: 


Spike Samples - A spike sample is a laboratory-prepared solution of deion- 
ized water containing known concentrations of analytes. Analyses of spike 
samples are used to assess the accuracy of the laboratory, i.e., the abil- 
ity of a laboratory to determine the correct concentration of each analyte. 


A spike sample was prepared from a single parent solution by Energy Labora- 
tories in Casper, Wyoming. As shown in Table 2.4, the sample contained 
known concentrations of ions (sodium, potassium, chloride, and sulfate), 
total dissolved solids (TDS), metals (chromium, iron, manganese, and zinc), 
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and uranium. The spike sample also contained a knowm level of gross alpha 
due to uranium activity. 


For the purpose of this program, an additional spike sample was split from 
the parent spike sample and sent to AccuLabs to compare the accuracy re- 
sults of Barringer to an independent laboratory. 


Spike Replicat mples and Ground W Repli mples - Replicate 
samples are used to assess laboratory precision. Replicate samples consist 
of a group of samples that contain the same water chemistry. Ideally, the 
laboratory should produce the same results for each replicate. Analysis of 
the spike replicate samples provides information on the laboratory’s preci- 
sion and may also be used to relate the laboratory’s precision to accuracy. 


For the purpose of this program, three replicate samples were prepared from 
the spike solution and three from the ground water sample. Each spike and 
ground water replicate sample was then sent to Barringer from the field. 


Table 2.4 lists the analytes for the spike replicate and ground water 
replicate samples. Precision analyses were performed for all analytes 
showing detectable concentrations in the replicate samples. 


Field Blank Samples - A field blank consists of deionized water that is 
placed into a sample container in the field. Ideally, if samples are 
collected correctly and sample containers are not contaminated, the anal- 
yses of field blanks should yield nondetectable concentrations for al] 
metals and radionuclides. The use of field blanks provides a measure of 
variability that may be occurring as a result of sample handling in the 
field. For this program, one field blank labeled in a “blind” manner was 
sent to Barringer. Table 2.4 lists the analytes for the field blank 
sample. 


Trip Blank Samples - A trip blank contains deionized water sealed in a 
sample container at the preparing laboratory. Trip blanks were prepared 
and then shipped "blind" to Barringer. Ideally, analyses of trip blanks 
should give nondetectable concentrations for all metals and radionuclides. 
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These blanks determine whether any contamination or other accuracy problems 
occur as a result of the sample handling and/or analytical procedures of 
the analytical laboratory. Table 2.4 lists the analytes for trip blanks. 


2.3.2 Evaluation of Results 


The results of this evaluation are presented in terms of the laboratory 
accuracy in analyzing the spike samples, precision in analyzing the repli- 
cate samples, and the number of constituents reported in detectable con- 
centrations for the blank samples. Based on EPA guidelines (EPA, 1989), 
the laboratory performance in terms of accuracy and precision was accept- 
able for all constituents with the exception of zinc and gross alpha. The 
number of detectable constituents in the blank samples was low. 


The fact that the laboratory had acceptable performance for most of the 
constituents, several of which were reported in concentrations in the well 
water exceeding the MGLs, indicates that error due to laboratory analytical 
procedures is not a cause of the exceedances in the well water. Although 
the laboratory performance for analyzing zinc and gross alpha was unaccep- 
table, neither of these constituents was reported in concentrations exceed- 
ing the MGLs in samples collected from the well during the Mining or Post- 
mining periods. 


Laboratory Accuracy 


Laboratory accuracy was determined based on the analytical results of the 
spike samples. Table 2.5 lists concentrations of the 11 selected chemical 
constituents in the spike sample. These are the values that are known to 
exist in the spike sample prior to laboratory analysis. Table 2.5 also 
provides the chemical concentrations or values that were reported by Barr- 
inger for each replicate of the spike sample. Since each spike replicate 
sample was drawn from a single parent solution, the analytical results for 
all the replicates should be identical to the known spike sample 
concentrations. 
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Accuracy is represented by the magnitude of the difference between the 
concentration in the spike sample and the concentration reported by the 
laboratory. The smaller the difference between the two values, the greater 
the accuracy. For example, review of Table 2.5 shows that for chromium, 
the spike sample value and the three spike replicate values were the same. 
Therefore, the accuracy of Barringer for analyzing chromium was high. In 
contrast, the large difference between the spike sample values and the 
three reported values existing for gross alpha indicates that Barringer has 
low accuracy in analyzing this radionuclide. 


In order to quantify the accuracy of Barringer for each analyte, the values 
reported were normalized. Normalized values are reported as a percentage 
and represent the relative percent difference (RPD) between the reported 
laboratory value and the spike value. 


The normalizing procedure utilized the following formula: 


RPD = Ve -1 | x 100 


Ss 


Where: VR is the laboratory-reported value of constituent X; and 
VS is the known or spike value of constituent X. 


The purpose of normalizing the values is to prevent the assessment of 
accuracy from being skewed by differences in the actual spike values for 
different constituents. The rationale for this procedure is evident if one 
considers an example where the spike value is 1.0 mg/] and the reported 
value is 0.9 mg/l]. Using the above formula, this yields an RPD of 10 
percent. Using the same procedure, a sample RPD of 10 percent would also 
be calculated for the situation where the spike value is 100 mg/1 and the 
reported value is 90 mg/1. 


For water quality samples, the EPA in their "Statement of Work" for the 
Contract Laboratory Program (EPA, 1989) recognizes that an RPD of less than 
20 percent is the acceptable accuracy for laboratory analyses. Ideally, 
the RPD should be zero but, because of variability inherent in the analyti- 
cal process, this ideal accuracy is not practically achievable. 
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Results of Evaluation 


RPD values computed from the analyses of the spike samples are displayed in 
Table 2.5 and illustrated on Figures 2-2 through 2-4. The RPD values were 
then further classified as being representative of acceptable or unaccep- 
table accuracy based on the 20 percent RPD criteria. 


Figure 2-2 shows RPD values for each major ion constituent. Barringer 
demonstrated adequate accuracy for sodium, potassium, chloride, sulfate, 
and TDS in all cases. 


Figure 2-3 shows RPD values for each metal spike constituent. Barringer 
demonstrated consistently adequate accuracy for chromium, iron, and man- 
ganese in all cases. However, Barringer did not meet the EPA accuracy 
criteria for zinc in three out of three samples or 100 percent of the time. 


The cause for the poor accuracy performance for zinc is believed to be 
contamination in the laboratory during analysis. Zinc is ubiquitous in the 
environment and could have been incorporated in the samples when the sample 
containers were opened for the analyses. Also, zinc is not a concern from 
a water quality standpoint because it has never been reported in concentra- 
tions exceeding the MGLs. 


Figure 2-4 shows RPD values for uranium and gross alpha. Barringer demon- 
strated consistently adequate accuracy for uranium. However, Barringer did 
not meet the EPA accuracy criteria for gross alpha in the spike samples in 
three out of three times or 100 percent of the time. As with zinc, the 
poor accuracy for gross alpha is not a concern from a water quality stand- 
point since it has never been reported at activity levels exceeding the 
MGLs. 


Verification of Spik mple_and Analytical Accur 
In order to verify that the spike sample contained the concentrations as 


indicated by the laboratory preparing the spike (Energy Laboratories) and 
to provide an independent check of analytical accuracy, one spike replicate 
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sample was shipped blind to AccuLabs for analysis. Table 2.6 presents the 
analytical results from both laboratories for the same spike sample. The 
results from Barringer presented in the table are mean values for the three 
spike replicate samples. 


As shown in Table 2.6 both analytical laboratories demonstrated acceptable 
accuracy for major ions and metals. The only exceptions were that, as 
discussed previously, Barringer showed unacceptable accuracy for zinc where 
as AccuLabs showed unacceptable accuracy for sulfate. These results con- 
firm that the spike sample contained the appropriate concentrations of 
constituents as reported by the preparing laboratory. 


The accuracy results for uranium and gross alpha confirmed the previous 
results that Barringer had unacceptable accuracy for analyzing gross alpha. 
The spike sample contained a known amount of natural uranium (0.04 mg/1). 
Both laboratories had acceptable accuracy detecting all the uranium con- 
centration in the sample. This spike sample did not include any other 
radionuclide; therefore, uranium was the only alpha-emitting radionuclide. 
The known amount of uranium (0.04 mg/1) in this sample generates 27.08 
picoCuries per liter (pCi/1) gross alpha activity. 


Results of the analyses showed that Barringer did detect uranium but the 
reported gross alpha activity was consistently low resulting in unaccep- 
table accuracy. On the other hand, AccuLabs detected the correct level of 
gross alpha activity (approximately 25 pCi/1). This suggests that Barr- 
inger had an analytical error for the gross alpha analyses. 


borator isi 


Precision describes the ability of a laboratory to successively repeat an 
analysis of a given sample and produce identical results. Precision was 
determined for Barringer through the use of spike sample replicates and 
ground water sample replicates. Ideally, a laboratory with perfect preci- 
sion would produce identical results for all replicates. 
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Quantification of the statistical spread of replicate values for each 
constituent is necessary to quantify the precision of laboratory perfor- 
mance. The statistical measure of data spread is the normalized standard 
deviation, which is known as the coefficient of variation (CV). The CV is 
calculated as the standard deviation divided by the mean (average value) 
and multiplied by 100 (i.e., the standard deviation as a percentage of the 
mean). This normalizing procedure allows comparison of data spread regard- 
less of the magnitude of the reported values. 


Although no absolute standard for precision exists in the literature, the 
comparison of CV values between analytes indicates relative leveis of 
precision. The smaller the CV value, the higher the level of precision 
relative to other analytes. 


Results of Evaluation 


CV values were calculated for both spike sample replicates and ground water 
sample replicates. Table 2.7 presents the analytical results and calcu- 
lated CV values for the spike sample replicates and ground water sample 
replicates. 


The statistical evaluation of precision depends on the existence of mea- 
surable quantities of analytes. If an analyte is nondetect in all cases of 
analyses, then the statistical evaluation of precision cannot be made. 


Calculated CV values shown in Table 2.7 indicate that Barringer demon- 
strated adequate precision for most major ions and metals. For example, 
the calculated CV values for both the spike replicate and ground water 
replicate samples were close to or less than 1.0. The higher CV value for 
zinc reported for the spike replicate samples and the values for silica, 
calcium, mercury, sulfate, iron, and zinc for the ground water replicate 
samples indicate lower precision as compared to the low CV values reported 
for the remaining major ion and metal constituents. 


The CV values for the radionuclides are consistently higher than the values 
for the major ion and metals constituents. This lower level of precision 
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is normal for radionuclide analysis and is reflected as the counting error 
at the 95 percent confidence level. For example, the counting error for 
gross alpha was 4 and 5 for the spike replicates and 24 and 26 for the 
ground water replicates. 


The spike sample replicates provide information that may also be used to 
relate the laboratory’s precision to accuracy. A laboratory can provide 
acceptable precision for a given constituent while producing inaccurate 
results. In this case, the acceptable precision that is derived from 
inaccurate results is misleading. For example, Table 2.7 shows that Barr- 
inger achieved an acceptable precision for zinc for spike replicate sam- 
ples, as indicated by a low CV value (4.81). However, accuracy for the 
analyses of these samples was unacceptable with RPDs greater than 20 per- 
cent. Therefore, although Barringer had acceptable precision for analysis 
of zinc, the actual concentrations are not correct. 


Field and Tri lank Samp] 


The results of the analyses of the field and trip blanks were used to 
determine whether field sample handling, sample transport, laboratory 
sample handling, or analytical methods affected the accuracy of the ana- 
lytical results. Table 2.8 lists the results of the analyses for the field 
and trip blanks. Nondetect and zero values are shaded. 


As shown in Table 2.8, most of the constituent concentrations for both the 
field and trip blanks were close to or below the detection limit. Ideally, 
the analyses of these blank samples should yield nondetectable concentra- 
tions for these analytes. However, several analytes such as specific 
conductivity, alkalinity, TDS, and sulfate were reported in much higher 
concentrations in the trip blank than in the field blank. This discrepancy 
suggests that the deionized water used for the trip blank was not as pure 
as that used for the field blank. 


The presence and similarity of detectable concentrations of zinc in both 
the field and trip blanks are of interest because they may indicate a 
potential source of contamination for this constituent. This contamination 
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ma; be the cause of the unacceptable accuracy performance for the zinc 
analysis discussed previously. The source of the contamination is believed 
to be the environment, but future analyses should include an extra margin 
of care in sample handling and preparation and analytical procedures. 


Method used for U concentration by Barringer did not 


2.3.3 Summary of Results have the lowest detection limit, or precision, in which the 


lab reported 


In summary, the results of the laboratory QA/QC evaluation indicate that, 
except for zinc and gross alpha, the laboratory has acceptable accuracy and 
precision for analysis of constituents monitored for the Permit. If the 
laboratory had performed poorly in analyzing the constituents such as 
uranium or iron that were reported in concentrations exceeding the MGLs, 
then the laboratory accuracy and precision could be considered as another 
cause of the exceedances. However, since the laboratory accuracy and 
precision was unacceptable only for constituents that were not reported in 
concentrations exceeding the MGLs, laboratory performance is not considered 
to be a cause of the exceedances in the well water samples. 


2.4 Task 4 - Review of Standards 


The MGLs for the Hermit Mine site were reviewed to evaluate their appropri- 
ateness to ground water conditions at the site. Of particular concern were 
the standards applied to the radionuclides, since they are present in the 
highest concentrations in the spike water. Four main concerns related to 
the radionuclide standards are: 


1. Application of standards to gross alpha and gross beta activity, 
which are used to screen for the presence of alpha- and beta- 
emitting radionuclides; 


2. Establishment of radionuclide standards based on the reported 
values without consideration of the counting error; 


3. Comparison of reported radionuclide values to the standards with- 
out consideration of the counting error; and 


Canoniel nvirommenta! 


26 


4. Application of a standard for gross beta when no man-made radio- 
nuclides are present on-site. 


These concerns are addressed in the following sections. 


2.4.1 Gross Alpha/Gross Beta Screening 


Analysis for gross alpha and gross beta activity is used as a screening 
process to indicate the presence or absence of alpha- and/or beta-emitting 
radionuclides in water samples. As stated in the analytical procedures 
[American Public Health Association (APHA), 1976], "The method is a 
screening technique for monitoring drinking water supplies for alpha and 
beta particle activities according to the limits set forth under the Safe 
Drinking Water Act, PL 93-523, 40 FR 34324, and thereby determining the 
necessity for further analysis" (emphasis added). The necessity for fur- 
ther analysis of the alpha and beta-emitting radionuclides such as radium 
and strontium is based on the levels of alpha and beta activities deter- 
mined from the screening. For example, Section 141.26(a)(ii) of the 
National Interim Primary Drinking Water Regulations requires analysis of 
radium-226 if the gross alpha activity measured by the screening exceeded 5 
pci/1. 


Since more than eight alpha-emitting radionuclides and eight beta-emitting 
radionuclides (both natural and man-made) exist, the screening allows the 
identification of pertinent radionuclides without analyzing for each one 
individually. After the alpha- and beta-emitting radionuclides have been 
identified, monitoring for gross alpha and gross beta activities is no 
longer necessary because they can be calculated from the analyses of the 
individual radionuclides. 


Calculation of the gross alpha and gross beta activities from the radionu- 
clide concentrations provides a more accurate estimate of the activity 
levels than the screening. The screening analysis is not designed to be 
accurate, rather it is used to provide an indication of the types of radio- 
nuclides present in a sample of water. Also, as stated in the analytical 
procedure description (APHA, 1976), the accuracy of the procedure is 
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limited by the concentiation of TDS in the water sample especially when the 
concentrations of the radioactivity in the sample are low as is the case 
for the well water at the Hermit Mine site. 


For the Hermit Mine site, gross alpha and gross beta activities are cur- 
rently being monitored in accordance with the Permit requirements. How- 
ever, monitoring of only the radionuclides is recommended. Gross alpha and 
gross beta activities can be calculated from the radionuclide analytical 
results and, therefore, will be monitored by monitoring the radionuclides. 
Since the activity levels are determined by the concentration of radio- 
nuclides in the water, monitoring and establishing standards for the cause 
(radionuclide concentrations) rather than the effect (gross alpha and gross 
beta activities) provides a more accurate assessment of the quality of 
water. 


2.4.2 Radionuclide Standards 


Currently, the MGLs established for radionuclides under the Permit are 
based on the reported values without considering the counting error. The 
counting error indicates the range of the value reported at the 95 percent 
confidence level. For example, if the gross alpha activity for a water 
sample is reported to be 44 pCi/1] with a counting error of + 18 pCi/1, the 
actual value of the activity ranges from 26 pCi/1 to 62 pCi/1l. Due to the 
error inherent in radionuclide analysis, the activity cannot be reported as 
a single value but rather as a range of values. 


Revision to the MGLs for the radionuclides is recommended to account for 
the counting error. Rather than assigning a single value to the MGLs, the 
MGLs could be reported as a range that includes the mean of the counting 
error plus two standard deviations. For example, the current MGL for gross 
alpha is 83.9 pCi/]. This value is calculated from the mean of the Pre- 
Mining reported values (20.4 pCi/1) plus two standard deviations (63.52 
pCi/1). The mean of the counting error for these samples (19.6 pCi/1) plus 
two standard deviations (6.7 pCi/1) results in a counting error of + 26.3 
pCi/1. The revised gross alpha MGL would then range from 57.6 pCi/1 (83.9 
pCi/] minus 26.3 pCi/1) to 110.2 pCi/1 (83.9 pCi/1 plus 26.3 pCi/1). 
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Using the above procedure, the -ccommended radionuclide MGLs are listed as 
follows: 


Analyte MGL 

Gross alpha 57.6 - 110.2 pCi/] 

Thorium-230 0.2 - 1.8 pCi/] 

Radium-226 3.5 = §.2 pCi/] 
4. mparison t n 


Currently, reported radionuclide values from each sample collection event 
are compared to the MGLs to determine whether they exceed the standard. 
However, this procedure does not account for the analytical error. There- 
fore, a different procedure for comparing reported values to the MGLs is 
recommended. 


In the National Interim Primary Drinking Water regulations, Sections 
141.26(a)(1) and 141.26(b)(4)(i), the EPA states that compliance with the 
standards shall be based on "...the average of the analyses of four samples 
obtained at quarterly intervals." By averaging the reported values ana- 
lyzed over a one-year period, the inherent variability of the analytical 
results is accounted for. 


Therefore, rather than comparing the reported values from each sample 
collection event to determine whether the site is in compliance, the mean 
of the reported values from at least four quarterly analyses should be 
compared to the MGLs. For example, the mean of the reported gross alpha 
values during the Mining period (four quarterly samples) was 36.8 pCi/1. 

In accordance with the federal regulations, this mean value rather than the 
values from the individual sample collection events would be compared to 
the MGLs to determine compliance. 


Another approach would be to add the counting error to the reported values 


for each sample collection event and compare the resulting range of values 
to the recommended MGLs listed in Section 2.4.2. For example, the gross 
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alpha activity reported for the June 1989 sample collection event was 28 + 
21 pCi/1 or ranged from 7 pCi/] to 49 pCi/1. This range would then be 
compared to the recommended MGL of 57.6 pCi/] to 110.3 pCi/1 to determine 
compliance. 


2.4.4 Gross Beta Standard 


A standard for gross beta is normally not applied unless man-made radio- 
nuclides are present that can be identified as the source of the gross beta 
activity. For example, in the National Interim Drinking Water regulations, 
the maximum contaminant levels (Section 141.16) and monitoring frequency 
(Section 141.26) are established for "...beta particle...activity from man- 
made radionuclides in drinking water..." (emphasis added). Since no man- 
made radionuclides are present at the Hermit Mine site, establishing a 
gross beta activity is not appropriate. 
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3.0 CLOSING REMARKS 


This report presents the water quality data evaluation that was conducted 
to identify potential causes of exceedances of the MGLs for water samples 
collected from the Hermit Mine site monitoring well. The focus of the 
evaluation was to identify factors such as sample collection procedures or 
analytical error that could cause the exceedances. In addition, the MGLs 
were evaluated to determine their appropriateness for the radionuclide 
analytes. 


3.1 Conclusions 
The major findings of this report are as follows: 


1. Evaluation of the existing water quality data showed that the 
quality of the water in the mine was similar to that in the well. 
The only exceptions were the radionuclides, nitrate, and arsenic 
which were present in much higher concentrations in the mine than 
in the well, and iron and manganese which were reported in lower 
concentrations in the mine than in the well. 


2. The existing water quality data provides evidence that the ex- 
ceedances in the well were not caused by seepage from the mine. 
This conclusion is based on two contrasting arguments as follows: 


o If communication between the mine and the aquifer existed, 
then the constituents present in the mine water in highest 
concentrations as compared to the well water would be ex- 
pected to cause increased concentrations and exceedances of 
these same constituents in the well water after mining opera- 
tions commenced. However, the constituents in the highest 
concentrations in the mine water, the radionuclides, nitrate, 
and arsenic, exhibited only erratic exceedances of the MGLs 
(the radionuclides) were present in concentrations below the 
detection limit (nitrate), or were present in concentrations 
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below the MGLs (arsenic) throughout the Mining 2nd Post- 
mining periods. 


Also, concentrations of uranium did exhibit a trend of in- 
creasing concentrations, but this trend began during the Pre- 
mining period prior to commencement of mining operations. If 
mine seepage was the cause of the increased concentrations of 
uranium, the trend of increasing concentrations could not 
begin until after mining operations commenced. Therefore, a 
source other than seepage from the mine must be causing the 
exceedances in the well water. 


A contrasting argument is presented for two constituents, 
iron and manganese, which were reported in lower concentra- 
tions in the mine water than in the sump water. In this 
case, assuming that communication exists between the mine and 
the aquifer, the concentrations of iron and manganese in the 
well would not be expected to increase or be present in 
concentrations exceeding the MGLs because concentrations in 
seepage from the mine would be too low to cause such a 
change. However, after mining operations commenced, con- 
centrations of iron and manganese exceeded the MGLs in 60 to 
100 percent of the samples. Therefore, since the mine water 
could not contribute sufficient concentrations of iron and 
manganese to cause these exceedances, a source other than 
mine seepage must be the cause of the exceedances in the well 
water. 


The existing water quality data provide evidence that sediment in 
the well water is one of the causes of the exceedances of the 


The sediment load in the samples of well water increased 


during the Pre-mining period and remained at the higher levels 
through the Mining and into the Post-mining periods. Increases in 
concentrations of constituents such as uranium, iron, and man- 
ganese coincided with the increased sediment in the water and also 
remained at the higher levels into the Mining and Post-mining. 
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Also, the concentrations of dissolved and total uranium differed 
by as much as an order of magnitude. These concentrations would 
be similar if low levels of sediment or suspended solids were in 
the well water. 


Insufficient purge volume prior to sample collection is another 

cause of the inconsistent exceedances in the existing water 

quality. Improvement in the water quality was evident for samples 
collected during this evaluation when three casing volumes were 

purged prior to sample collection. Previously, only one casing 

volume was purged from the well prior to sample collection, and 

one Weeme Wes ag ed oi pM Lagden oh reat a water well 
water in the well.the mine a The ee aus not have est an issue with stagnant water 


unless the samples were collected from boreholes such as the pre-mining 
samples were collected from 


Analytical accuracy and precision is not an important factor 
causing the exceedances in water quality. Performance of the 
analytical laboratory was acceptable for all constituents except 
zinc and gross alpha. These constituents were not reported in 
concentrations exceeding the MGLs in the past, and the laboratory 
exhibited acceptable accuracy and precision for the remaining 
analytes including those reported in concentration exceeding the 
MGLs in the well water. 


Water quality standards (MGLs) are inappropriately applied to the 
radionuclides for the following reasons: 


o First, the analytical procedure for gross alpha and gross 
beta activity is a screening technique to identify the 
presence of alpha- and beta-emitting radionuclides in the 
water. Continued monitoring of the gross alpha and gross 
beta activities is unnecessary because the radionuclides, 
from which they originate, are already being monitored. 
Since the activity levels are a function of the concentra- 
tions of the radionuclides in the water, monitoring and 
establishing standards for the cause (radionuclide concen- 
trations) rather than the effect (gross alpha and gross beta 
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activities) provides a more accurate assessment of the qual- 
ity of the water. 


o Also, a standard is in appropriately applied to gross beta 
since no man-made radionuclides were used on-site. 


o Finally, the current MGLs do not take into account the count- 
ing error, and comparison of the data collected to the MGL 
does not include the counting error. Revisions to the MGLs 
should include counting error. 


3. Recommendation 


The following recommendations have been developed to improve the reliabil- 
ity of the water quality data generated for the monitoring program required 
by the Permit. 


1. Purge a minimum of three casing volumes prior to sampling the 
well. 


2. Monitor the indicator parameters, pH, specific conductivity, and 
temperature during the purging process. A difference of 10 per- 
cent or less between measurements taken at the beginning and end 
of the third casing volume purge will indicate that an adequate 
volume has been purged. 


3. Order reanalysis of any constituents that are reported in con- 
centrations exceeding the standards to minimize the exceedances 
that may be related to laboratory error. 


4. Institute a field and laboratory QA/QC evaluation on an annual 


basis to minimize and identify potential problems with the 
sampling or analytical procedures. 
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5. Eliminate gross alpha and gross beta from the list of constituents 
monitored under the Permit. 


KZ. yf submitted, 


oan S. Md 
Senior Technical Manager 


RSP/vv 
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TABLE 1.1 


SUMMARY OF WATER QUALITY DATA 
HERMIT MINE SITE MONITORING WELL 


Maximum Mining Post-Mining 
Groundwater HER 044 HER 048 HER 051 HER 052 HER 061 HER 64 HER 065 HER 066 HER 069 HER 070 

Analyte Limit 6/29/89 9/21/89 10/19/89 12/07/89 3/29/90 4/27/90 5/31/90 6/30/90 7/31/90 8/31/90 
pH (pH unit) 6.85 
Spec. Cond. (umhos/cm) 3555 3470 3330 
Alkalinity 161 
Carbonate 0 
Bicarbonate 161 
Chloride 44 
TOS 3615 
Tss 107 
Nitrate as N 0.8 
Phosphate as P 0 
Sul fate 2425 
Silica 14.3 
Calcium 630 
Magnesium 199 
Potassium 28.7 
Sodium 85.7 
Flouride 1.53 
Arsenic 0.024 : 0.003 <0.001 0.003 <0.01 0.001 <0.001 
Barium 0.06 0.02 0.03 0.01 0.01 0.02 <0.01 ee: Pit ee 
Cadmium 0.027 <0.005 0.009 0.007 <0.005 0.009 <0.005 <0.005 
Chromium 0.21 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 
Copper 0.04 <0.01 
Iron 11.21 424 
Lead 0.16 <0.02 
Manganese 0.19 AF: : - 0.19 
Mercury 0.002 <0.0002 <0.0002 <0.0002 <0.0002 <0.0002 <0.0002 
Silver 0.03 <0.01 <0.01 <0.01 NT <0.01 <0.01 <0.01 
Selenium 0.043 0.02 0.009 0.023 0.006 <0.001 0.002 <0.002 
Zinc 0.189 0.077 <0.005 0.013 NT <0.005 <0.005 0.009 
Gross Alpha (pCi/\) 84 19 78 
Gross Beta (pCi/l) 43 41 
Radium-226 (pCi/l) 4.4 BF 0.8 2.4 
Radium-228 (pCi/l) ae NT 
Thorium-230 (pCi/l) 1 
Natural Uranium 0.003 


Notes: 
1. Sample analytical results for total concentrations except where values are boxed. Boxed values are dissolved concentrations. 
2. Concentrations report in mg/l except where noted. 

3. Shaded values exceed the Maximum Groundwater Limits established in accordance with the Permit. 
4. WNT = Not tested. 
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TABLE 2.1 


EXISTING WATER QUALITY DATA 
HERMIT MINE SITE 


Mining Post-Mini 
Maximum Well Sump Well Sump Well Well Sump Well Well Well Well Well Well 
Groundwater HER 044 HER 043 HER 048 HER 049 HER 051 HER 052 HER 054 HER 061 HER 064 HER 065 HER 066 HER 069 HER 070 
Analyte Limit 6/29/89 6/29/89 9/21/89 9/21/89 10/19/89 _ 12/07/89 12/07/89 3/29/90 4/27/90 5/31/90 6/30/90 7/31/90 8/31/90 
PH (pH unit) 6.85 
Spec. Cond. (umhos/cm) 3555 
Alkalinity 161 
Carbonate 0 
Bicarbonate 161 
Chloride 46 
ToS 3615 
Tss 107 
Nitrate as N 0.8 12.8 
Phosphate as P LY) 
Sulfate 2425 
Silica 14.3 8.9 10.1 . 9.9 D Dd D D NT 
Calcium 620 466 537 D 513 0 o o o 549 
Magnasium 199 155 170 D 168 D Dd Dd Dd 178 
Potassium 28.7 4h 31.8 o 27.5 D dD D D 20.7 
Sodium 85.7 NT 82 . 76.6 1) 1} D D 70.7 
Flouride 1.53 1.3 1.3 1.4 1.1 1.4 1.2 1.2 D 1.4 
Arsenic 0.024 0.004 0.008 0.205, i) D ) D D <0.001 
Barium 0.06 0.02 0.02 0.02 D D D i) iy O17 
Cadmium 0.027 0.006 <0.005 <0.005 D o D i) D <0.005 
Chromium 0.21 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 
Copper 0.04 0.02 0.04 0.02 0.03 ) D 0 0 0 <0.01 
Iron 11.21 “12.0 0.29 1.13 0.19 D D o D . 12.4 
Lead 0.16 <0.02 <0.02 <0.02 0.03 D o ty) D o <0.02 
Manganese 0.19 6.23 0.08 0.25 0.06 D D D D D 0.19 
Mercury 0.002 <0.0002 0.0002 0.0002 0.0005 D D} dD i) D <0.0002 
Silver 0.03 <0.01 <0.01 D D i) ty) Dd <0.002 
Selenium 0.043 0.020 0.042 0.006 0.010 D D 1) . Do <0.01 
Zine 0.189 0.077 0.123 wT 0.093 o D o Ly) D 0.009 
Gross Alpha (pCi/L) 8% 28 4000 
Gross Beta (pCi/l) 43 40 HOO 
Radium-226 (pCi/\) 4.4 
Radium-228 (pci/l) : 
Thorium-230 (pci/l) 1.0 
Natural Uranium 0.003 6.0035 
Notes: 


1. Sample analytical results for total concentrations except where noted. 

2. Concentrations report in mg/l except where noted. 

3. Shaded values exceed the Maximum Groundwater Limits established in accordance with the Permit. 
4. NT = Not tested. 

5. D0 = Analyzed for dissolved concentrations. 
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TABLE 2.2 


CONCENTRATIONS OF TOTAL SUSPENDED SOLIDS 
HERMIT MINE SITE MONITOR WELL 


Pre-Mining 
Concentration 
Sample Date (mg/l) 
HER-012 4/28/88 18 
HER-025 6/29/88 14 
HER-032 12/23/88 9 
Jan-Feb 1989: EFN personnel first observed sediment in water, red color Mine shaft was being 
sunk 
HER-041 5/31/89 88 
Post-Mining 
HER-061 3/29/90 59 
HER-064 4/27/90 93 
HER-065 5/31/90 42 
HER-066 6/30/90 44 
HER-069 7/31/90 67 
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TABLE 2.3 
EXCEEDANCES RELATED TO PURGE VOLUME 


Purge Volume 3 Casings 1 Casing 
Number of MGL Number of MGL 
Exceedances/Total Exceedances/Total 
Analytes Number of Analyses Number of Analyses 
pH 0/3 0/5 
Spec.Cond. 0/3 
Alkalinity 0/3 
Carbonate 0/3 
Bicarbonate 0/3 
Chiorite 0/3 
TOS 0/3 
TSS 0/3 
Nitrate-as N 0/3 
Phosphate-as P 0/3 
Sulfate 0/3 
Silica 0/3 
Calcium . 0/3 
Magnesium 0/3 
Potassium 0/3 
Sodium 0/3 
Fluoride 0/3 
Arsenic 0/3 
Barium 0/3 
Cadmium 0/3 
Chromium 0/3 
Copper 0/3 
Iron 0/3 
Lead 0/3 
Manganase 0/3 
Mercury 0/3 
Silver 0/3 
Selenium 0/3 
Zinc 0/3 
Gross Alpha 
Gross Beta 
Radium-226 
Radium-228 
Thorium-230 0/3 
Natural Uranium 0/3 
Notes: 


1. Analytes with exceedances of the MGLs are shaded. 
2. MGL is the Maximum Groundwater Limit established 


in accordance with the Permit. = ; 
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TABLE 2.4 


ANALYTES FOR LABORATORY QA/QC PROGRAM 


Analytes 


Major lons 
pH 
Spec.Cond. 
Alkalinity 
Carbonate 
Bicarbonate 
Chloride 
TDS 

TSS 
Nitrate-as N 
Phosphate-as P 
Sulfate 
Silica 
Calcium 
Magnesium 
Potassium 
Sodium 
Fluoride 


Metals 
Arsenic 
Barium 
Cadmium 
Chromium 
Copper 
Iron 

Lead 
Manganase 
Mercury 
Silver 
Selenium 
Zinc 


Radionuclides 
Gross Alpha 
Gross Beta 
Radium-226 
Radium-228 
Thorium-230 
Natural Uranium 


Spike and Spike 
Replicates 


Sample Type 
Ground Water 


Replicates Blank 


x KK KK KOK OK OK OK KOK OK OK OK OK OK 
Mx KK KK KK OK OK OK OK OK OK OK OK OK OK 


x KKK KK KK OK OK OK OK 
x KKK KKK KK KK OK 


KKK KK OK 
<x KK KK OX 
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TABLE 2.5 


SPIKE SAMPLE RESULTS FOR ACCURACY ASSESSMENT 


Spike Sample No.1 Spike Sample No.2 Spike Sample No.3 
(HER 078) (HER 079) (HER 080) 
Unit of Reported Reported Reported 
Measure Spike Value Value RPD Value RPD Value RPD 
Major Ions 
Chloride mg/l 50.00 52.00 4.0 53.00 6.0 53.00 6.0 
TDS mg/\ 1562.00 1500.00 4.0 1490.00 4.6 1490.00 4.6 
Sulfate mg/l 1000.00 1040.00 4.0 1020.00 2.0 1030.00 3.0 
Potassium mg/l 50.00 46.80 6.4 45.40 9.2 45.90 8.2 
Sodium mg/l 100.00 100.00 0.0 97.60 2.4 97.10 2.9 
Metals 
Chromium mg/t 0.10 0.10 0.10 0.10 
Iron mg/l 10.00 9.32 9.11 9.15 
Manganase mg/l 0.30 0.33 0.32 0.33 
Zinc mg/l 0.25 0.343 0.327 0.360 
Radionuclides 
Gross Alpha pci/lt 27.08 13 +/- 5 15 +/- 4 15 +/- 4 
Natural Uranium mg/\ 0.0400 0.0396 1.0 0.0385 0.0382 4.5 
Notes: 


1. RPD = Relative percent difference. 
2. Shaded values are unacceptable accuracy. 
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TABLE 2.6 


COMPARISON OF LABORATORY ACCURACY 
This is lab EF used 


AccuLabs Barringer 
Unit of Reported Reported 
Measure Spike Value Value RPD Value RPD 
Major Ions 
Chloride mg/\ 50.00 54.00 52.67 5.33 
TDS mg/\ 1562.00 1500.00 1493.33 4.40 
Sulfate mg/l 1000.00 700.00 1030.00 3.00 
Potassium mg/l 50.00 51.00 46.03 7.93 
Sodium mg/l 100.00 93.00 98.23 1.77 
Metals 
Chromium mg/l 0.10 0.10 0.00 
Iron mg/\ 10.00 9.10 9.00 
Manganase mg/l 0.30 0.33 10.00 
Zinc mg/l 0.25 0.280 100.00 
Radionuclides 
Gross Alpha pci/t 27.08 26.5 2.14 
Natural Uranium mg/l 0.0400 0.046 15.0 
Notes: 


1. RPD = Relative percent difference. 

Shaded values represent unacceptable accuracy. 

3. Reported value for Barringer is the average of the three replicate sample 
values listed in Table 2.5. 


~ 
. 
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PH (pH unit) 


Spec.Cond. (umhos/cm) 


Alkalinity 
Carbonate 
Bicarbonate 
Chloride 
TDS 

TSS 
Nitrate-as N 
Phosphate-as P 
Sulfate 
Silica 
Calcium 
Magnasium 
Potassium 
Sodium 
Flouride 


Arsenic 
Barium 
Cadmium 
Chromium 
Copper 
Iron 

Lead 
Manganase 
Mercury 
Silver 


Selenium 
Zinc 


Gross Alpha (pCi/I) 
Gross Beta (pCi/l) 
Radium-226 (pCi/l) 
Radium-228 (pCi/l) 
Thorium-230 (pCi/I) 
Natural Uranium 


Notes: 


TABLE 2.7 
REPLICATE SAMPLE RESULTS USED IN 


PRECISION EVALUATION 


Spike Sample Replicates 


HER 078 


52.00 
1500 


1040.00 


46.80 
100 


0.10 


9.32 


0.33 


0.343 


13 +/-5 
51 +/- 4 


0.0396 


1. CV = coefficient of variation. 


2. NA = Not applicable (precision analyses were only performed for analytes showing detectable concentrations). 


HER 079 


53.00 
1490 


1020.00 


45.40 
97.60 


0.327 


Error 
15 +/- 4 
54 +/- 4 


0.0385 


3. Concentrations reported in mg/l except where noted. 
4. Error is the counting error at the 95 percent confidence level. 


HER 080 


53.00 
1490 


1030.00 


45.90 
97.10 


0.10 


Error 
15 +/-4 
53 +/- 4 


0.0382 


CV 


1.10 
0.39 


0.97 


1.54 
1.58 


HER 073 


7.38 
3,470 
161.00 
<1 
161.00 
40.00 
3,380.00 
<4 
<0.1 
<0.1 
1,830.00 
13.00 
525.00 
177.00 
20.10 
78.10 
1.50 


0.002 


€ & @ 
Ground Water Sample Replicates 
_HER 074 _HER 075 _ Cv 

7.38 7.45 0.55 

3,380 3,380 1.52 

161.00 157.00 1.45 

<1 <1 NA 

161.00 157.00 1.45 

40.00 40.00 0.00 

3,360.00 3,330.00 0.75 

<4 <4 NA 

<0.1 <0.1 NA 

<0.1 <0.1 NA 

2,240.00 2,250.00 11.38 

12.70 13.20 1.94 

512.00 524.00 1.39 

171.00 175.00 1,75 

19.70 20.00 1.04 

74.50 76.90 2.40 

1.50 1.50 0.00 

0.002 0.002 0.00 

0.01 0.01 0.00 

<0.005 <0.005 NA 

<0.01 <0.01 NA 

<0.01 <0.01 NA 

9.29 10.40 6.13 

<0.02 <0.02 NA 

0.12 0.12 0.00 

<0.0002 <0.0002 NA 

<0.01 0.01 NA 

<0.002 <0.002 NA 

0.175 0.105 29.77 

Error Error Error 

+/- 26 62.00 +/- 26 46.00 +/- 24 15.05 

+/- 14 35.00 +/- 13 46.00 +/- 14 16.28 

+/- 0.6 2.10 +/- 0.5 2.10 +/- 0.5 25.75 

+/- 1.3 0.80 +/- 0.8 1.60 +/- 0.8 33.53 

+/- 0.5 0.40 +/- 0.6 0.20 +/- 0.5 100.00 

0.0011 0.0010 10.00 
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TABLE 2.8 


FIELD AND TRIP BLANK ANALYTICAL RESULTS 


pH 
Spec.Cond. 
Alkalinity 
Carbonate 
Bicarbonate 
Chloride 
TDS 

TSS 
Nitrate-as N 
Phosphate-as P 
Sulfate 
Silica 
Calcium 
Magnasium 
Potassium 
Sodium 
Flouride 


Arsenic 
Barium 
Cadmium 
Chromium 
Copper 
Iron 

Lead 
Manganase 
Mercury 
Silver 
Selenium 
Zinc 


Gross Alpha 
Gross Beta 
Radium-226 
Radium-228 
Thorium-230 
Natural Uranium 


Field Trip 
Unit of Blank Blank 
Measure HER 076 HER 077 


pH unit 
umhos/cm 
mg/l 
mg/l 
mg/| 
mg/l 
mg/l 
mg/l 
mg/l 
mg/l 
mg/l 
mg/l 
mg/l 
mg/l 
mg/| 
mg/l 
mg/l 


mg/l 
mg/l 
mg/l 
mg/l 
mg/l 
mg/l 
mg/l 
mg/l 
mg/l 
mg/l 
mg/l 
mg/l 


pCi 
pci/l 
pCill 
pCill 
pCill 
mg/l 


Note: Nondetect and zero values are shaded. 
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